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NOVEL UBIQUITIN LIGASES AS 
THERAPEUTIC TARGETS 



5 1. INTRODUCTION 

The present invention relates to the discovery, identification and 
characterization of nucleotide sequences that encode novel substrate-targeting subunits of 
ubiquitm ligases. The invention encompasses nucleic acid molecules comprising nucleotide 
sequences encoding novel substrate-targeting subunits of ubiquitin ligases; FBPl, FBP2, 
1 0 FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBPll , FBPl 2, FBPl 3, FBP14, FBPl 5, 
FBP17, FBP18. FBP20, FBP21, FBP22, FBP23. AND FBP25. tiBnsgenic mice. kn'ock-out' 
mice, host cell expression systems and proteins encoded by the nucleotides of the present 
invention. The present invention relates to screening assays to identify potential therapeutic 
agents such as small molecules, compounds or derivatives and analogues of the novel 
1 5 ubiquitin ligases which modulate activity of the novel ubiquitin ligases for the treatment of 
proliferative and differentiative disorders, such as cancer, major opportunistic infections, 
immune disorders, certain cardiovascular diseases, and inflammatoty disorders. The 
invention further encompasses therapeuUc protocols and pharmaceutical compositions 
designed to target ubiquitin ligases and their substrates for the treatment of proliferative 
20 disorders. 

2. BACKGROUND OF THE INVENTION 

2.1 CELL CYCLE REGULATORY PROTEINS 

2^ The eukaryotic cell cycle is regulated by a family of serine/threonine protein 

kinases called cyclin dependent kinases (Cdks) because their activity requires the 
association with regulatory subunits named Cyclins (Hunter & Pines, 1 994, Cell 79:573). 
Cdks also associate with Cdk inhibitors (Ckis) which mediate cell cycle airest m response 
to various antiproliferative signals. So far, based on their sequence homology, two families 

30 of Ckis have been identified in mammalian cells: the Cip.Xip family, which includes p21, 
p27 and p57; and the Ink family, which includes pl5, pl6, pI8, and p20 (Sherr & Roberts, 
1999, Genes & Dev. 13: 1501). 

2.2 THE UBIQUITIN PATHWAY 

35 Ubiquitin-mediated proteolysis is an important pathway of non-Iysosomal 

protein degradation which controls the timed destruction of many cellular regulatory 
proteins including, p27, p53. p300, cyclins. E2F, STAT-I, c-Myc, c-Jun, EOF receptor. 
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IkBa, NFkB and p-catenin (reviewed m Pagano, 1 997, FASEB J. 1 1 : 1067). Ubiquitin is 
an evolutionary highly consen'ed 76-amino acid polypeptide which is abundantly present m 
all eukaryotic cells. The ubiquitin pathway leads to the covalrait attachmait of a poly- 
ubiquitin chain to target substrates which are then degraded by the multi-catalytic 

^ proteasome complex (see Pagano, supra, for a recent review). Many of the steps regulating 
protein ubiquitination are known. Initially the ubiquitin activating enzyme (El), forms a 
high energy thioester with ubiquitin which is, in ttim, transferred to a reactive cysteine 
residue of one of many ubiquitin conjugating enzymes (Ubcs or E2s). The final transfer of 

J Q ubiquitin to an e-amino group of a reactive lysine residue in the target protein occurs in a 
reaction that may or may not require an ubiquitin ligasc (E3) protein. The large number of 
ubiquitin ligases ensures the high level of substrate specificity. 

2.3 

15 

Genetic and biochemical studies in several organisms have shown that the 
Gl phase of the cell cycle is regulated by the ubiquitin pathway. Proteolysis of cyclins, 
Ods and other Gl regulatory proteins is controlled in yeast by the ubiquitin conjugating 
enzyme Ubc3 (also called Cdc34) and by an E3 ubiquitin ligase formed by three subunits: 

20 Cdc53, Skpl and one of many F box proteins (reviewed in E. Patton et al., 1998, TIG. 

14:6). The F box proteins (FBPs) are so called because they contain a motif, the F box, that 
was first identified in Cyciin F, and that is necessary for FBP interaction with Skpl (Bai, et 
al., 1996, Cell 86:263). In addition, F box proteins also contain either WD-40 domains or 
Leucine-Rich Repeats (LRR) protein-protein interaction domains. Cdc53 (also called Cul 

25 A) and Skp 1 appear to participate in the formation of at least three distinct E3, each 
containing a different F box protein. Because these ligases are similar protein modules 
composed of Skp 1 , Cul A, and an F box protein, they have been named SCF. The 
interaction of the ligase with its substrates occurs via the F box subtmit The three SCFs 
identified so far in S. cerevissiae are: SCF"'^ (which recruits the Ckis Sicl and Farl, the 

30 replication factor Cdc6, and the transcriptional activator Gcn4, as substrates through the F 
box protein Cdc4), SCF*^' (which recruits the Gl cyclins Chil and CUi2 as substrates 
through the F box protein GRRl), and SCF"*^ (which recmits the Gl cyciin Cln3 as a 
substrate throughout the F box protein MET30; see Pagano and Patton, supra, for lecait 
reviews). 

35 The intracellular level of the human Cki p27 is mainly regulated by 

degradation and it is known that the ubiquitin system COTitrols p27 degradation (Pagano et 
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al., 1995, Science 269:682), Similarly, degradation of other Gl human regulatory proteins 
(Cyclin E, Cyclin Dl, p21, E2F, P-calenin) is controlled by the ubiquitia-pathway (reviewed 
in M. Pagano, supra). Yet, the specific enzymes involved in the degradation of Gl 
regulatory proteins have not been identified. 
5 A family of 6 genes {CULl, 2, 3. 4a, 4b, and J) homologous to S. cerevisiae 

cul A have been identified by searching the EST database (Kipreos, et al., 1996, CeU 
85:829). Human Skpl and the F box protein Skp2 (that contains five LRRs) wei« identified 
as two proteins associated in vivo with Cyclin A and thus designated as S-phase kinase- 
associated protein 1 and 2 (Zhang, et al., 1995, Cell 82:915). 

10 

2.4 DEREGULATION OF THE UBIQUITIN PATHWAY IN CANCER AND 
OTHER PROLIFERATIVE DISORDERS 

Cancer develops when cells multiply too quickly. Cell proliferation is 
determined by the net balance of positive and negative signals. When positive signals 
1 5 overcome or when negative signals are absent, the cells multiply too quickly and cancer 
develops. 

Ordinarily cells precisely control the amount of any given protein and 
eliminate the excess or any unwanted protein. To do so, the cell specifically tags the 
undesired protein with a long chain of molecules called ubiqnitin. These molecules are then 

20 recognized and destroyed by a complex named proteasome. However, all this mechanism 
goes awTy in tumors leading to the excessive accumulation of positive signals (oncogenic 
proteins), or resulting in the abnormal degradation of negative regulators (tumor suppressor 
proteins). Thus, without tumor suppressor proteins or in the presence of too much 
oncogenic proteins, cells multiply ceaselessly, forming tumors (reviewed by Ciechanover, 

25 1998, EMBO J. 17: 7151; Spataro, 1998, Br. J. Cancer 77: 448). For example, abnormal 
ubiquitin-mediated degradation of the p53 tumor suppressor (reviewed by J. Brown and M. 
Pagano. 1997, Biochim. Biophys. Actal332: 1), the putative oncogene p-catenin (reviewed 
by Peifer, 1997, Science 275:1752) and the Cki p27 (reviewed in Ciechanover, supra; 
Spataro, supra, Lloyd, 1 999, Am. J. Pathol. 1 54: 3 13) have been conrelated with 

30 tumorigenesis, opening to the hypothesis that some graies raicoding ubiquitinating enzymes 
may be mutated in tumors. 

Initial evidence indicates that human F-box prolans play a role in the 
ubiquitination of Gl regulator)' proteins as their homoiogs do in yeast (see below). 
Unchecked degradation of cell cycle regulatory proteins has been observed in certain 

35 tumors and it is possible that deregulated ubiquitin ligase play a role in the altered 
degradation of cell cycle regulators. A well understood example is that of Mdm2, a 
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ubiquitin Hgase whose overexpression induces low levels of its substrate, the tumor 
suppressor p53. 



5 3. SUMMARY OF THE INVENTION 

The present invention relates to novel F box proteins and therapeutic 
protocols and pharmaceutical compositions designed to target the novel F box proteins and 
their interactions with substrates for the treatment of proliferative and differentiative 
disorders. The present inv emion also relates to screening assays to identify substrates of the 

' *^ novel F box proteins and to identify agents which modulate or target the novel ubiquitin 
ligases and interactions with their substrates. The invention further relates to screoiing 
assays based on the identification of novel substrates of known F box proteins, such as the 
two novel substrates of the known F box protein Skp2, E2F and p27. The screening assays 
of the present invention may be used to identify potential therapeutic agents for the 

' ^ treatment of proliferative or differentiative disorders and other disorders that related to 
levels of expression or enzymatic activity of F box proteins. 

The invention is based in part, on the Applicants' discovery, identification 
and characterization of nucleic acids comprising nucleototide sequences that encode novel 
ubiquitin ligases with F box motifs. These twenty-six novel substrate-targeting subnnits of 

2^ ubiquitin ligase complexes, FBPl, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, 
FBF8, FBP9, FBPIO, FBPl 1, FBP12, FBP13, FBP14, FBP15, FBFl 6, FBP17, FBP18, 
FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25, described herein, were first 
identified based on their interaction with components of the ubiquitin ligase complex 
(FBPl, FBP2, FBP3a, FBP4, FBPS, FBP6 and FBP7) or by sequaice comparison of these 
proteins with nucleotide sequences present in DNA databases (FBP3b, FBPS, FBP9, 
FBPIO, FBPll, FBP12. FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, 
FBP21, FBP22, FBP23, FBP24, and FBP25). These novel substrate-targeting subunits of 
ubiquitin ligase complexes each contain an F box motif through which they interact with the 
other components of the ubiquitin ligase complex. In addition, some of these FBPs contain 

"^'^ WD-40 domains and LRRs (which appear to be involved in their interaction with 

substrates), while other FBPs contain potential protein-protein interaction modules not yet 
identified in FBPs, such as leucine zippers, ring fingers, helix-loop-helix motifs, proline 
rich motife and SH2 domains. The invention is also based, in part, on tfie Applicants' 
discovery and identification of FBP specific substrates p27 and p-catenin and on methods to 

■^^ identify novel FBP substrates. Some of the genes encoding the novel F box proteins were 
also mapped to chromosome sites frequently altered in breast, prostate and ovarian cancer. 
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nasopharv-ngeal and smai] cell lung carcinomas, gastric hepatocarcinomas, Burkitt's 
lymphoma and parathjioid adenomas. Finally, the invaition is also based, in part, on the 
Applicants' generation of transgenic mice expressing wild type or dominant negative 
versions of FBP proteins and on the generation of FBP knock-out mice. 
5 The invention encompasses the following nucleotide sequences, host cells 

expressing such nucleotide sequences, and the expression products of such nucleotide 
sequences: (a) nucleotide sequences that encode maimnalian FBPl, FBP2, FBP3a, FBP3b, 
FBP4, FBP5, FBP6, FBP7, FBP8, FBPll, FBP12, FBP13, FBP14, FBP15, FBPl 7, FBP18, 
FBP20, FBP2 1 , FBP22, FBP23, and FBP25, including the human nucleotides, and their 
1 0 gene products; (b) nucleotides that encode portions of the novel substrate-targeting 
subunits of ubiquitin ligase complexes, and the polypeptide products specified by such 
nucleotide sequences, including but not limited to F box motifs, the substrate binding 
domains; WD-40 domains; and leucine rich repeats, etc.; (c) nucleotides that encode 
mutants of the novel ubiquitin ligases in which all or part of the domain is deleted or 
1 5 altered, and the poljTieptide products specified by such nucleotide sequences; (d) 

nucleotides that encode fusion proteins containing the novel ubiquitin ligases or one of its 
domains fused to another polypeptide. 

The invention fiuther encompasses agonists and antagonists of the novel 
substrate-targeting subunits of ubiquitin ligase complexes, including small molecules, laige 
20 molecules, mutants that compete with native F box binding pioteins, and antibodies as well 
as nucleotide sequences that can be used to inhibit ubiquitin ligase gene expression {e.g., 
antisense and ribozyme molecules, and gene regulatory or replacement constructs) or to 
enhance ubiquitin ligase gene expression {e.g., expression constructs that place the ubiquitin 
ligase gene under the conteol of a strong promoter system), and transgenic animals that 
25 express a ubiquitin ligase transgene or knock-outs that do not express the novel ubiquitin 
ligases. 

Further, the present invention also relates to methods for the use of the genes 
and/or gene products of novel substrate-targeting subunits of ubiquitin ligase complexes for 
the identification of compounds which modulate, i.e., act as agonists or antagonists, of 
30 ubiquitin ligase activity. Such compounds can be used as agents to control proliferative or 
differentiative disorders, e.g. cancer, to particular, the present invention encompasses 
methods to inhibit the interaction between P-catenia and FBPl or p27 and Skp2. In fact, 
agents able to block these interactions can be used to modulate cell prolifei^tion and/or 
growth. 

35 Still further, the invention encompasses screening methods to identify 

derivatives and analogues of the novel substrate-targeting subunits of ubiquitin ligase 
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complexes which modulate the activity of the novel ligases as potential therapeutics for 
prolift;rali\ e ur differentialive disorders. The invention provides methods of screening for 
proteins that interact with novel components of the ubicuitin ligasc complex, including 
FBPl, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPIO, FBPl 1, 

5 FBP12, FBP13, FBP14, FBP15, FBP16, FBPI7, FBP18, FBP19, FBP20, FBP21, FBP22, 
FBF23, FBP24, and FBP2S or derivatives, fragments or domains thereof, such as (he F box 
motif. In accordance with the mvention, the screening me&ods may utilize known assays 
to identify protein-protein interactions including piiage display assays or the yeast Uvo- 
hybrid assay system or variations thereof 

1 0 In addition, the present invention is directed to methods that uti lizc FBP 

gene sequences and/or FBP gene product sequences for the diagnostic evaluation, genetic 
testing and/or prognosis of an FBP-rcIatcd disorder, such as a proliferative disorder. For 
example, the invention relates to methods for diagnosing FBP-related disorderSj 
proliferative disorders, wherein such methods can coi^irise measumig FBP geite repression 

15 in a patient sample, or delecting an FBP mutation that correlates with the presence or 

development of such a disorder, in the genome of a mammal suspected of exhibiting such a 
disorder. In particular, ttie invention encompasses methods for determining if a subject 
[e.g., a human patient) is a risk for a disorder characterized by one or more of: (i) a mutation 
of an FBP gene encoding a protein lepr^ented in part A of Figures 3-2S, orahomolog 

20 thereof; (ii) the mis-expression of an FBP gene; (iii) the mis-expression of an FBP protein. 

The invention is illustrated by way of working examples which demonstrate 
the identification and characterization of the novel substrate-targeting subunits of ubiquitin 
ligase complexes. The working examples of the present invention further demonstrate the 

25 identification of the specific interaction of (i) FBPl with P-catcnin and (ii) the known FBP, 
Skp2, Willi the cell-cycle regulatory proteins E2F and p27. These interactions suggest that 
P-catenin is a specr&c substrate of FBPl. while E2F and p27 are substrates of Skp2. In fact, 
the woiking examples of the present invention further demonstrate ^t Ps»tenin is a 
specific substrate of FBPl, while p27 is substrates of Slq)2, The ideiitific^on of proteins 

30 interacting with the novelFBPswll be possible using Uie methods described herein or with 
a different approach. 

3.1 DEFINITIONS 

As used herein, the term "F-box motif refers to a stretch of approximately 
35 40 amino acid that was idcntifurf as bang necessary fbr the interaction of F-box containing 
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proteins with Skpl , The consensus sequence of an F-box motif is described in Bai et al., 
1996, Cell 86:263-274, incorporated herein by reference in its entirety. 

As used herein the terni "F-box protein" (FBP) refers to peptide, polypeptide 
or protein which contains an F-box motif. 
5 Although, FBPs are substrate-tai^eting subunits of ubiquitin ligase 

complexes, as used herein the term "ubiquitin ligase" refers to a peptide, polypqrtide or 
protein that contains an F-box motif and interacts with Skpl. 

As used herein, the tenn "functionally equivalent to an FBP gene product" 
refers to a gene product that exhibits at least one of the biological activities of the 
1 0 endogenous FBP gene product. For example, a fimctionally equivalent FBP gene product is 
one that is capable of interacting with Skpl so as to become associated with a ubiquitin 
ligase complex. Such a ubiquitin ligase complex may be capable of ubiquitinating a specific 
cell-cycle regulatory protein, such as a cyclin or cki protein. 

As used herein, the term "to target" means to inhibit, block or prevent gene 
1 5 e-xpression, enzymatic activity, or interaction with other cellular factors. 

As used herein, the term "ther^eutic agent" refers to any molecule, 
compound or treatment that alleviates of assists in tfie treatment of a proliferative disorder 
or related disorder. 

As used herein, the terms "WD-40 domain", "Leucine Rich Repeat", 
20 "Leucine Zipper", "Ring finger", "Helix-loop-helix motif, "Proline rich moUf ', and "SH2 
domain" refer to domains potentially involved in mediating protein-protein interactions. 
The "WD-40 domain" refers to a consensus sequence of forty amino acid repeats which is 
rich in tryptophan and aspartic acid residues and is commonly found in the beta subunits of 
trimeric G proteins (sec Neer et al., 1994 Nature 371:297-300 and references therein, which 
25 are incorporated herein by reference in their entirety). An "LRR" or a "Leucine Rich 
Repeat" is a leucine rich sequence also known to be involved in mediating protein-protein 
interactions (see Kobe & Deisenhofer, 1994, Trends. Biochem. Sci. 19:415-421 which are 
incorporated herein by reference m their entirety). A "leucine zipper" domain refers to a 
domain comprising a stretch of amino acids with a leucine residue in every seventh position 
30 which is present in a large family of transcription factors (sec Landshultz et al, 1988, 
Science 240:1 759-64; see also Sudol et al., 1996, Trends Biochem. 21:1-3, and Koch et al., 
1991, Science 252:668-74). 
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4. BRIEF DESCRIPTION OF THE FIGURES 

Figure 1. Alignment of the conserved F-box motif amino acid residues in 
the human F-box proteins FBPl (SEQ ID NO:15} , FBP2 (SEQ ID NO: 16), FBP3a (SEQ 

5 ID N0:17), FBP3b (SEQ ID NO:78), FBP4 (SEQ ID NO.IS), FBP5 (SEQ ID N0:19), 
FBP6 (SEQ ID NO:20). FBP7 (SEQ ID N0:21), Skp2 (SEQ ID NO:22), FBP8 (SEQ ID 
N0:61) FBP9 (SEQ ID NO:62), FBPIO (SEQ ID NO;63), FBPll (SEQ ID NO:64), FBP12 
(SEQ ID NO:05), FBP13 (SEQ ID NO:79); FBP14 (SEQ ID NO:66); FBP15 (SEQ ID 
NO:67), FBP16 (SEQ ID NO:68), FBPl 7 (SEQ ID NO:69), FBPl 8 (SEQ ID NO:70), 

10 FBPl 9 (SEQ ID N0:71), FBP20 (SEQ ID NO:72), FBP21 (SEQ ID NO;73), FBP22 (SEQ 
ID NO:74), FBP23 (SEQ ID NO:75), FBP24 (SEQ JD NO:76). FBP25 (SEQ ID NO:77). 
Alignment of the F-boxes of a previously known FBP, Skp2, with the F-boxes of FBPs 
identified through a two-hybrid screen (designated by the poimd symbol) or BLAST 
seaiehes (designaied by a cross) was performed using the Clustal W method 

1 5 (MacVector(tmj) followed by manual re-adjustment. Identical residues in at least 1 5 F- 
boxes are shaded in dark gray, while similar residues are shaded in light gray. One asterisk 
indicates the presence in tlie cDNA of a STOP codon followed by a polyA tail, while 
potential fiill length clones are designated with two asterisks. The asterisks on the bottom 
of the figure indicate the amino acid residues mutated in FBFBa (see Figure 29). 

20 

FIG. 2. Schematic representation of FBPs. Putative protein-protein 
interaction domains in human FBPs are represented (see key-box for explanation). FBPs 
identified by a nvo-hybrid screen aie designated by the pound symbol, FBPs identified 
through BLAST searches by a cross. The double slash indicates that the corresponding 
25 cDNAs are incomplete at the 5' end; the asterisks indicate the presence in the cDNA of a 
STOP codon followed by a polyA tail. 

FIG. 3 A-B. A. Amino acid sequence of human F-box protein FBPl (SEQ 
ID N0:2). B. Corresponding cDNA (SEQ ID NO; 1). 

30 

FIG. 4 A-B. A. Amino acid sequence of human F-box protein FBP2 (SEQ 
ID N0:4). B. Corresponding cDNA (SEQ ID N0:3). 

FIG. 5 A-B. A. Amino acid sequence of human F-box protein FBP3a (SEQ 
35 IDN0:6). B. Corresponding cDNA (SEQ ID N0:5). 
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FIG. 6 A-B. A. Amino acid sequence of human F-box protein FBP3b (SEQ 
ID NO:24). B. Coiresponding cDNA (SEQ ID NO:23). 

FIG. 7 A-B. A- Amino acid sequence of human F-box protein FBP4 (SEQ 
5 IDN0:8). B. Corresponding cDNA (SEQ ID NO:7). 

FIG. 8 A-B. A. Amino acid sequence of human F-box protein FBPS (SEQ 
ID NO: 1 0). B. Corresponding cDNA (SEQ ID N0:9). 

1 0 FIG. 9 A-B. A. Amino acid sequence of human F-box protein FBP6 (SEQ 

ID NO:12). B, Corresponding cDNA (SEQ ID N0:1 1). 

FIG. 1 0 A-B. A. Amino acid sequence of human F-box protein FBP7 (SEQ 
ID N0:14). B. Corresponding cDNA (SEQ ID N0:13). 

15 

FIG. 1 1 A-B. A. Amino acid sequence of human F-box protein FBPS (SEQ 
ID NO:26). B. Corresponding cDNA (SEQ ID NO:25). 

FIG. 12 A-B. A. Amino acid sequence of human F-box protein FBP9 (SEQ 
20 1DN0:28). B. Corresponding cDNA (SEQ ID NO:27). 

FIG. 13 A-B. A. Amino acid sequence of human F-box protein FBPIO 
(SEQ ID NO:30). B. Corresponding cDNA (SEQ ID NO:29). 

25 FIG. 1 4 A-B. A. Amino acid sequence of human F-box protein FBPl 1 

(SEQ ID NO:32). B. Corresponding cDNA (SEQ ID N0:31). 

FIG. 1 5 A-B. A. Amino acid sequence of human F-box protein FBP12 
(SEQ ID NO:34). B. Corresponding cDNA (SEQ ID NO;33). 

30 

FIG. 16 A-B. A. Amino acid sequence of human F-box protein FBP13 
(SEQ ID NO:36). B. Corresponding cDNA (SEQ ID NO:35). 

FIG. 17 A-B. A. Amino acid sequence of human F-box protein FBP14 
35 (SEQ ID NO:38). B. Corresponding cDNA (SEQ ID NO:37). 
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FIG. 1 8 A-B. A. Amino acid sequence of human F-box protein FBP15 
(SEQ ID NO:40). B. Corresponding cDNA (SEQ ID NO:39). 

FIG. 19 A-B. A. Amino acid sequence of human F-box protein FBP16 
5 (SEQ ID NO:42). B. Corresponding cDNA (SEQ ID N0:41). 

FIG. 20 A-B. A. Amino acid sequence of human F-box protein FBP17 (SEQ 
ID NO:44). B. Corresponding cDNA (SEQ ID NO;43). 

10 FIG. 2 1 A-B. A. Amino acid sequence of human F-box protein FBP18 (SEQ 

ID NO:46). B. Corresponding cDNA (SEQ ID NO:45}. 

FIG. 22 A-B. A. Amino acid sequence of human F-box protein FBP19 
(SEQ ED NO:48). B. Corresponding cDNA (SEQ ID NO:47). 

15 

FIG. 23 A-B. A. Amino acid sequence of human F-box protein FBP20 
(SEQ ID NO:50). B. Corresponding cDNA (SEQ ID NO:49). 

FIG. 24 A-B. A. Amino acid sequence ofhuman F-box protein FBP21 
20 (SEQ ID NO:52). B. Corresponding cDNA (SEQ ID NO:5 1). 

FIG. 25 A-B. A. Amino acid sequence ofhuman F'box protein FBP22 
(SEQ ID NO:54). B. Corresponding cDNA (SEQ ID NO:53). 

25 FIG. 26 A-B. A. Amino acid sequence ofhuman F-box protein FBP23 

(SEQ ID NO:56). B. Corresponding cDNA (SEQ ID NO:55). 

FIG. 27 A-B. A. Amino acid sequence ofhuman F-box protein FBP24 
(SEQ ID NO:58). B. Corresponding cDNA (SEQ ID NO:57). 

30 

FIG. 28A-B. A. Amino acid sequence of human F-box protein FBP25 
(SEQ ID NO:60), B. Corresponding cDNA (SEQ ID NO:59). 

FIG. 29. FBPs interact specifically with Skpl through their F-box. The 
35 cDNAs of FBPs (wild type and mutants) were transcribed and translated in vitro (TVT) in 
the presence of 35S- methionine. Similar amounts of IVT proteins (indicated at the top of 
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each lane) were subjected to a histidine-tagged pull-down assay using Niokel-agarose beads 
to which either His-tagged-Skpl (lanes 1, 3, 4, 6-10, 12, 15, 17, 19 and 21), His-tagged- 
EIonginC(lanes2, 5. II, 14. 16, 18, 19and22), or His-tagged p27 (lane 12)werepre- 
bound. Bound rVT proteins were analyzed by SDS-PAGE and autoradiography. The 
5 arrows on the left side of the panels point to the indicated FBPs. The apparent molecular 
weights of the protein standards are indicated on the right side of the panels. 

FIG. 30. FBPl, FBP2, FBP3a, FBP4 and FBP7 fonn novel SCFs with 
endogenous S.kpl and Cull in vivo. HeLa cells were transfected with mammalian 

1 0 expression plasmids encoding Flag-tagged versions of FBPl (lane 1), (AF)FBPl (lane 2), 
FBP4 (lane 3), FBP7 (lane 5), FBP2 (lane 7). (AF)FBP2 (lane 8), FBP3a (lane 9), 
(AF)FBP3a (lane 10), or with an empty vector (lanes 4 and 6). Cells were lysed and 
extracts were subjected to immunoprecipitation with a rabbit anti-Flag antibody (lanes 1-8). 
Immunoprecipitates were then immunoblotted with a mouse anti-CuII monoclonal 

' 5 antibody, a rabbit anti-Skp 1 polyclonal antibody or a rabbit anti-CuI2 polyclonal antibody, 
as indicated. The last lane contains 25 ng of extracts from non-ttansfected HeLa cells; lane 
9 contains recombinant Cull, Skpl, or Cul2 proteins used as markers. The slower 
migrating bands detected with the antibodies to Cull and Cul2 are likely generated by the 
covalent attachment of a ubiquitin-like molecule to these two cullins. as already described 
20 for the yeast cullin Cdc53 and mammalian Cul4a. 

FIG. 3 1 . FBP 1 , FBP2, FBP3a, FBP4 and FBP7 associate with a ubiquitin 
ligase activity. HeLa cells were transfected with mammalian expression plasmids encoding 
human Skpl, Cull and Flag-tagged versions of FBPl (lane 3), (AF)FBP1 (lane 4), FBP2 
25 (lanes 2 and 5), (AF)FBP2 (lane 6). FBP7 (lane 7). FBP3a (lanes 8 and 1 3), (AF)FBP3a 
(lane 9), a non relevant Flag-tagged protein (IrD, lane 10), FBP4 Oanes 1 1 and 12) or with 
an empty vector (lane 1). Cells were lysed and extracts were subjected to 
immunoprecipitation with a rabbit anti-Flag antibody. Immunopiwipitates were incubated 
in the presence of purified recombinant El and Ubc4 (lanes l-1 1) or Ubc2 (lanes (12 and 
13) and a reaction mix containing biotynilated ubiquitin. Reaction in lane 2 contained also 
NEM. Ubiquitinated proteins were visualized by blotting with HRP-streptavidin. The 
bracket on the left side of the panels marks a smear of ubiquitinated proteins produced in 
the reaction, the asterisk indicates ubiquitin conjugated with El that were resistant to 
boiling. 
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FIG. 32. Subcellular localization of FBPs. HeLa cells were transfccted with 
mammalian expression plasmids encoding Flag-tagged versions of FBFI (a-b), FBP2 (c-d), 
FBP3a (e-1), FBP4 (g-h), (DF)FBP2 (i-j), or (AF)FBP3a (k-1). After 24 hours, cells were 
subjected to immunofluorescence with a rabbit anti-Flag antibody (a, c, e, g, i, k) to stain 
5 FBPs and bisbenzimide (b, d, f, h, j, 1) to stain nuclei. 

FIG. 33. Abundance of FBP transcripts in human tissues. Membranes 
containing electrophoretically fractionated poly(A)+- mRNA from different human tissues 
were hybridized with specific probes prepared form FBPl, FBP2, FBP3a, FBP4, SKP2, and 
10 P-ACTIN cDNAs. The arrows on the left side of the figure point to the major transcripts as 
described in the text. 

FIG. 34A-E. FISH localization of FBP genes. Purified phage DNA 
containing a genomic probe was labeled with digoxygenin dUTP and detected with Cy3- 
1 5 conjugated antibodies. The signals corresponding to the locus of the genomic probe (red) 
are seen against the DAPI-Actimomycin D stained normal human chromosomes (blue- 
white). Panel A shows localization of FBPl to 10q24, B shows localization of FBP2 to 
9q34, C shows localization of FBP3a to 13q22, D shows localization of FBP4 to 5pl2, and 
E shows localization of FBPS to 6q25-26. Arrows point to FBP-specific FISH signals. 

20 

FIG. 35A-C. FBPl associates with P-catenin. A. Extracts from baculovirus- 
infected insect cells expressing either P-catenin alone (lane 1) or in combination with Flag- 
tagged FBPl (lane 2) were immunoprecipitated (IP) with a rabbit anti-Flag antibody (ra- 

Flag), followed by iinmunoblotting with anti-Flag (ma-Flag) and anti-p-catenin mouse 
25 antibodies, as indicated. Lanes 3 and 4 contain 25 of extracts from infected insect cells 
immanoblotted with the same antibodies. B. Extracts from baculovirus-infected insect 
cells expressing cyclin Dl , Flag-FBPl in the absence (lanes 1-3) or in the presence of Skpl 
(lanes 4-6) were immunoprecipitated with normal rabbit IgG (r-IgG, lanes 1 and 4), rabbit 
anti-Flag antibody (r a-Flag, lanes 2 and 5), or rabbit anti-cyclin Dl antibody (r a-Dl, lanes 
30 3 and 6). Immunoprecipitates were then immunoblotted with anti-Flag (ma-Flag) and cyclin 
Dl (m a-Dl) mouse antibodies, as indicated. TTie last lane contains 25 pg of a representative 
extract from infected insect cells immunoblotted with the same antibodies. C. 293 cells 
were transfected with mammalian expression plasmids encoding HA-tagged P-catenin alone 
or in combmation with either Flag-tagged FBPl or Flag-tagged (AF)FBPl . Cells were lysed 
35 and extracts were subjected to immunoprecipitation with a rabbit anti-Flag antibody (r a- 
Flag, lanes 4-6) and immunoblotted with rat anti-HA (a-IlA) and mouse anti-Flag (m a- 
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Flag) antibodies, as indicated. The first three lanes contain 25 ng of extracts from 
transfected 293 cells inununoblotted with the same antibodies. Transfecting high levels of 
p-catenin expression vector, the associations of P-catenin with FBPl and (AF)FBP1 could 
be dctennined independently of p-catcnin levels. 

5 

FIG. 36A-B. Stabilization of P-catenin by a dominant negative (AF)FBPl 
mutant. A. Human 293 cells were transfected with mammalian expression plasmids 
encoding HA-tagged P-catenin alone or in combination with either Flag-tagged (AF)FBP1 
or Flag-tagged (AF)FBP2. Cells were lysed and extracts were subjected to immunoblotting 
1 0 with rat anti-HA and rabbit anti-Flag (r a-Flag) antibody, as indicated. B. Pulse chase 
analysis of p-catenin turnover rate. HA-tagged P-catenin in combination with either an 
empty vector, FBPl, or (AF)FBPl was co-transfected in 293 ceUs. 24 hours later cells were 
labeled with 35S-methionine for 30 minutes and chased with medium for the indicated 
times. Extracts were then subjected to immunoprecipitation with a rat anti-HA antibody, 

FIG. 37A-C. Binding of phosphoiylated p27 to Skp2. A. A panel of in 
vitro translated [35S]FBPs were used in binding reactions with beads coupled to the 
phospho-pepUde NAGSVEQT'PKKPGLRRRQT, corresponding to the carboxy terminus 
of the human p27 with a phosphothreonine at position 1 87 (T*). Beads were washed with 

2^ RIPA buffer and bound proteins were cluted and subjected to electrophoresis and 

autoradiography (Upper Panel). Bottom Panel: 10% of the in vitro translated [35S]FBP 
inputs. B. HeLa cell extracts were incubated with beads coupled to the phospho-p27 
peptide (lane 2), an identical except unphosphoiylated p27 peptide (lane 1) or the control 
phospho-peptide AEIGVGAY*GTVYKARDPHS, corresponding to an amino temiinal 

25 peptide of human Cdk4 with a phosphotyrosine at position 1 7 (Y*) (lane 3). Beads were 
washed with RIPA buffer and bound proteins were immunoblotted with antibodies to the 
proteins indicated on Uie left of each panel. A portion of tlie HeLa extract (25 ng) was used 
as a control (lane 4). The slower migrating band in Cull is hkely generated by the covalent 
attachment of a ubiquilin-like molecule, as already described for other cullins 48. C. One 

30 nlofin vitro translated [35S] wild type p27(WT, lanes 1-4) or p27(T187A) mutant 
(TI 87 A, lanes 5-6) were incubated for 30 minutes at 30'/4C in 10 fil of kinase buffer. 
Where indicated, -2.5 pmole of recombinant purified cyclin E/Cdk2 or ~1 pmole Skp2 (in 
Skpl/Skp2 complex) were added. Samples were then incubated with 6 jil of Protein-A 
beads to which antibodies to Skp2 had been covalently linked. Beads were washed with 
RIPA buffer and boimd proteins subjected to electrophoresis and autoradiography. Lanes 1- 
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6: Skp2-bound proteins; Lanes 7 and 8: 7.5% of the in vitro translated [35S] protein inputs. 



FIG. 38. In vivo binding of S!q>2 to p27. Extracts from HeLa cells (lanes 1- 
5 2 and 5-6) or IMR90 fibroblasts (lanes 9- 1 0) were immunoprecipitated with different 
affinity purified (AP) antibodies to Sk-p2 or with purified control IgG fiactions. Lane 1: 
extract immunoprecipitated with a goat IgG (G-IgG); lane 2: with an AP goat antibody to an 
N-tcrminal Skp2 peptide (G-a-Skp2,); lanes 5 and 9: with a rabbit IgG (R-IgG); lanes 6 and 
10: with an AP rabbit antibody to Skp2 (R-a-Skp2). Immunoprecipitates were 
10 immuttoblotted with antibodies to the proteins indicated on the left of each panel. Lanes l- 
4 in the bottom panel were immunoblotted with a phospho-site p27 specific antibody. 
Lanes 3, 7, and 1 1 contain 25 fig of cell extracts; Lanes 4, 8, and 1 2 contain the relevant 
recombinant proteins used as marka-s. The altered migration of some markers is due to the 
presence of tags on the recombinant proteins. 

15 

FIG. 39, Skp2 and cyclin E/Cdk2 complex are rate-limiting forp27 
ubiquitination in Gl extracts, a. In vitro ubiquitin ligation (lanes 1-12 and 17-20) and 
degradation (lanes 13-16) of p27 were carried out with extracts from asynchronously 
growing (Asyn. ext., lanes 2-3) or Gl-arrested (Gl ext., lanes 4-20) HeLa cells. Lane 1 

20 contains no extract. Recombinant purified proteins were supplemented as indicated. 

Reactions were performed using wild-type p27 (lanes 1 - 1 8) or p27(Tl 87 A) mutant (Tl 87A, 
lanes 19-20). Lanes 1-8, 9-12, and 17-20 are from three separate experiments. The bracket 
on the left side of the panels marks a ladder of bands >27,000 corresponding to 
polyubiquitinated p27. The asterisk indicates a non-specific band present in most samples. 

25 b, Immunoblot analysis of levels of Skp2 and p27 in extracts from asynchronous (lane 1) or 
Gl-arrcsted (lane 2) HeLa cells. 

FIG. 40A-C. Skp2 is required for p27-ubiquitin ligation activit>'. A. 
Immunodepletion. Extracts from asynchronous HeLa cells were untreated (lane 2) or 

30 immunodepleted with pre-immune serum (lane 3), anti-Skp2 antibody pre-incubated with 2 
jig of purified GST (lane 4), or anti-Skp2 antibody pre-incubated with 2 ng of purified 
GST-Skp2 (lane 5). Lane 1 contains no extract. Samples (30 ng of protein) were assayed 
for p27 ubiquitination in the presence of cyclin E/Cdk2. The bracket on the left side of the 
panels marks a ladder of bands >27,000 corresponding to polyubiquitinated p27. The 

35 asterisk indicates a non-specific band present in all samples. B. Reconstitution. The 
restoration of p27 ubiquitination activity in Skp2-immunodepleted extracts was tested by 
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the addition of the indicated purified proteins. AH samples contained 30 pig of Skp2- 
depleted extract {Skp2-depl. ext.) and cyclin E'Cdk2. C. Immiraopurification. Extracts 
from asynchronous HeLa cells were iiraniinoprecipitated with a rabbit anti-Skp2 antibody 
(lanes 3 and 5) orpre-inimune serum (PI, lanes 2 and 4). Total extract (lane 1) and 
5 immuno-beads (lanes 2-5) were added with p27, recombinant purified cyclin E/Cdk2 and 
ubiquitination reaction mix. Samples in lanes 4 and 5 were supplemented with recombinant 
purified El and Ubc3. All samples were then assayed forp27 ubiquitination. 

FIG. 41A-B. In vivo role of Skp2 in p27 degradation. A. Stabilization of 
10 p27 by a dominant negative (AF)Skp2 mutant in vivo. NIH-3T3 cells were transfected with 
manunalian expression vectors encoding human p27 alone (lane 2), p27 in combination 
witheither(AF)Skp2(lane3),or(AF)FBPl(lane4). Lanel; untransfected cells. Cells 
were lysed and extracts were subjected to immunoblotting with antibodies to p27, Skp2 or 
Flag [to detect Flag-tagged (AF)FBPl]. Exogenous human p27 protein migrate more 
15 slowly than the endogenous murine p27. B. Pulse chase analysis of p27 turnover rate. 
Human p27 in combination with either an empty vector, or (AF)Skp2 was transfected in 
NIH-3T3 cells. Twenty-four hours later, cells were labeled with [35S]-methionine for 20 
minutes and chased with medium for the indicated times. Extracts were then subjected to 
immunoprecipitation with a mouse anti-p27 antibody. 

20 

FIG. 42. Stabilization of cellular p27 by antisense oligonucleotides targeting 
SKP2 mRNA. HcLa cells were treated for 16 -18 hours with two different anti-sense 
oligodeoxynucleotides (AS) targeting two different regions of SKP2 mRNA. Lanes 2, 6, 12 
and 16: AS targeting the N-tcrminal SKP2 region (NT); Lanes 4 and 8: AS targeting the C- 
25 terminal SKP2 region (CT); Lanes 1, 3, 5, 7 1 1 and 15: control oligodeoxynucleotides pairs 
(Ctrl). Lanes 1-4, and 5-8 are from two separate experiments. Lanes 1 1-12 and 15-16: 
HeLa cells were blocked in Gl/S with either Hydroxyurea or Aphidicolin treatment 
respectively, for 24 hours. Cells were then transfected with oligodeoxynucleotides, lysed 
after 12 hours (before cells had re-emtered Gl) and inmiunoblotted with antibodies to Skp2 
(top panels) and p27 (bottom panels). Lanes 9 and 13: Untransfected HeLa cells; Lanes 10 
and 14: Untransfected HeLa cells treated with drugs as transfected cells. 

FIG.43A-C. Timing ofSkp2 action in the process of p27 degradation. A. 
IMR90 fibroblasts were sj-nchrotiized in GO/Gl by seram deprivation, reactivated with 
^5 serum, and sampled at the indicated inten als. Protein extracts were analyzed by 
immunoblot with the antibodies to the indicated proteins. The Skp2 doublet was likely 
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generated by phosphorylation since was consistently observed using a 12.5% gel only when 
ceU lysis was performed in the presence of okadaic acid. B. HeLa cells blocked in mitosis 
with nocodazole were shaken off, released in fresh medium and sampled at the indicated 
intervals. Protein extracts were analyzed by immunoblotting with the antibodies to the 
5 indicated proteins. C. Extracts from Gl (3 hours after release from nocodazole block) (lane 
1) and S-phase (1 2 hours after release from the nocodajwle block) (lane 2) HeLa cells were 
either immunoprecipitated with an anti-p27 antibody (top two panels) or with an anti-Skp2 
antibody (bottom three panels) and then immunoblotted with the antibodies to the indicated 
proteins. 

10 

FIG. 44A-C. Westem blot analysis of Skp2/E2F interaction assay. These 
experiments are described in detail in the Example in Section 8. 



1 5 5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to novel F-box proteins and lo novel substrates 
of F-box proteins. The present invention relates to screening assays designed to identify 
substrates of the novel F-box proteins and to identify small molecules and compounds 

20 which modulate the interaction and/or activity of the F-box proteins and tlteir substrates. 

The present invention relates to screening assays to identify substrates of the 
novel F-box proteins and to identify potential therapeutic agents. The present invention 
further relates to screening assays based on the identification of novel substrates of both 
novel and known F-box proteins. The screening assays of the present invention may be 

25 used to identify potential therapeutic agents which may be used in protocols and as 

pharmaceutical compositions designed to target the novel ubiquitin ligases and interactions 
with their substrates for the treatment of proliferative disorders. In one particular 
embodiment the present invention relates to screening assays and potential therapeutic 
agents which target the interaction of FBP with novel substrates P-catenin, p27 and E2F as 

30 identified by Applicants. 

The invention further encompasses the use of nucleotides encoding the novel 
F-box proteins, proteins and peptides, as well as antibodies to the novel ubiquitin ligases 
(which can, for example, act as agonists or antagonists), antagonists that inhibit ubiquitin 
iigase activity or expression, or agonists that activate ubiquitin ligase activity or increase its 

35 expression. In addition, nucleotides encoding the novel ubiquitin ligases and proteins are 
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useful for the identification of compounds which regulate or mimic their activity and 
therefore are potemialiy effective in the treatment of cancer and tumorigenesis. 

In particular, the invention described in the subsections below encompasses 
FBPl, FBP2, FBPSa, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPIO, FBPl 1, 

5 FBP12, FBP13, FBP14, FBP15, FBPI6, FBP17, FBP18, FBP19, FBP20, FBP21, FBP22, 
FBP23, FBP24. and FBP25 polj'peptides or peptides corresponding to functional domains 
of the novel ubiquitin ligases (e.g., the F-box motif, the substrate binding domain, and 
Icucine-rich repeals), mutated, truncated or deleted (e.g. with one or more functional 
domains or portions thereof deleted), ubiquitin ligase fusion proteins, nucleotide sequences 

10 encoding such products, and host cell expression systems that can produce such ubiquitin 
ligase products. 

The present invention provides methods of screening for pqitides and 
proteins that interact with novel components of the ubiquitin ligase complex, including 
FBPl, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPIO, FBPl 1, 

15 FBP12, FBP13, FBP14, FBP15, FBP16. FBP17, FBP18, FBP19, FBP20, FBF21. FBP22. 
FBP23, FBP24, and FBP25 or derivatives, fragments or analogs thereof. Preferably, the 
method of screcmng is a yeast two-hybrid assay system or a variation thereof, as further 
described below. Derivatives {e.g., fragments) and analogs of a protein can be assayed for 
binding to a binding partner by any method known in the art, for example, the modified 

20 yeast two-hybrid assay system described below, immunoprecipitation with an antibody that 
binds to the protein in a complex followed by analysis by size fractionation of the 
immunoprecipitated proteins (e.g. , b\ denaturing or nondenaturing polyacrylamide gel 
electrophoresis), Western analysis, non-denaturing gel electrophoresis, etc. 

The present invention relates to screening assays to identify agents which 

25 modulate the activity of the novel ubiquitin ligases. The invention encompasses both in 
vivo and in vitro assays to screen small molecules, compounds, recombinant proteins, 
peptides, nucleic acids, antibodies etc. which modulate the activity of the novel ubiquitin 
ligases and thus, identify potential therapeutic agents for the treatment of proliferative or 
differentiative disorders. In one embodiment, the present invention provides methods of 

30 SCTeening for proteins that interact with the novel ubiquitin ligases. 

The invention also encompasses antibodies and anti-idiotypic antibodies, 
antagonists and agonists, as well as compounds or nucleotide constracte that inhibit 
expression of the ubiquitin ligase gene (transcription factor inhibitors, antisense and 
ribozyme molecules, or gene or regulatory sequence replacement constructs), or promote 

35 expression of the ubiquitin ligase (e.g., expression constructs in which ubiquitin ligase 
coding sequences are operatively associated with expression control elements such as 
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promoters, promoten'etihancers, etc.). The invention also relates to host ceils and animals 
genetically engineered to express the human (or mutants thereoQ or to inhibit or "knock- 
out" expression of the animal's endogenous ubiquitin ligase. 

Finally, Ae ubiquitin ligase protein products and fusion protein products, 

5 {i.e. , fusions of the proteins or a domain of the protein, e.g. , F-box motif), antibodies and 
anti-idiotypic antibodies (including Fab fragments), antagonists or agonists (including 
compounds that modulate the ubiquitization pathway can be used for therapy of 
proliferative or differentiative diseases. Thus, the invention also encompasses 
pharmaceutical formulations and methods for treating cancer and tumorigenesis. 

10 Various aspects of the invention are described in greater detail in the 

subsections below. 

5.1 FBP GENES 

The invention provides nucleic acid molecules comprising seven novel 

1 5 nucleotide sequences, and fragments thereof, FBPl, FBP2, FBP3a, FBP4, FBP5, FBP6, and 
FBP7, nucleic acids which are novel genes identified by the interaction of their gene 
products with Skp 1 , a component of the ubiquitin ligase completic. The invention further 
provides fourteen novel nucleic acid molecules comprising the nucleotide sequences of 
FBPl, FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBPl 1, FBP12, FBP13, 

20 FBP14, FBP15, FBPl 7, FBPIS, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25, 
which Nucleic acid sequences of the identified FBP genes are described herein. 
As used herein, "an FBP gene" refers to: 

(a) a nucleic acid molecule containing the DNA sequences of FBPl, shown 
in Figure 3 (SEQ IDN0;1), the DNA sequences of FBP2, sho^^-n in Figure 4 (SEQ ID 

25 N0:3), the DNA sequences of FBP3a, shown in Figure 5 (SEQ ID N0:5), the DNA 
sequences of FBP3b, shown in Figure 6 (SEQ ID NO:23), the DNA sequences of FBP4, 
shown in Figure 7 (SEQ ED N0:7), the DNA sequences of FBP5, shown in Figure 8 (SEQ 
ID N0:9), the DNA sequences of FBP6, shown in Figure 9 (SEQ ID NO: 1 1 ), the DNA 
sequences of FBP7, shown in Figure 10 (SEQ ID N0:13), the DNA sequences of FBP8, 

30 shown in Figure 1 1 (SEQ ID NO:25), the DNA sequences of FBP9, shown in Figure 12 
(SEQ ID NO: 27), the DNA sequences of FBP 10, shown in Figure 13 (SEQ ID NO:29), the 
DNA sequences of FBP'. 1, shown in Figure 14 (SEQ ID N0:31), the DNA sequences of 
FBP12, shown in Figure 15 (SEQ ID NO:33), the DNA sequences of FBP13, shown in 
Figure 16 (SEQ ID NO:35), the DNA sequences of FBP14, shown in Figure 17 (SEQ ID 

35 NO:37), the DNA sequences of FBPl 5, shown in Figure 1 8 (SEQ ID NO:39), the DNA 
sequences of FBP16, shown in Figure 19 (SEQ ED NO:41), the DNA st 
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Shown in Figure 20 {SEQ ID NO:43). the DNA sequaices of FBP18, shown in Figure 21 
(SEQ ID NO;45), the DNA sequences of FBF19, shown in Figure 22 (SEQ ID NO:47), the 
DNA sequences of FBP20, shown in Figure 23 (SEQ ID NO:49), the DNA sequences of 
FBP2I, shown in Figure 24 (SEQ ID NO;51), the DNA sequences of FBP22, shown in 
5 Figure 25 (SEQ ID NO:53), the DNA sequences of FBP23, shown in F^ure 26 (SEQ ID 
NC);55), the DNA sequences of FBP24, shown in Figure 27 (SEQ ID NO:57). the DNA 
sequences of FBP25, shown in Figure 28 (SEQ ID NO:59). 

(b) any DNA sequence that encodes a polypeptide containing: the amino 
acid sequence of FBPl shown in Figure 3A (SEQ ID N0:2), the amino acid sequence of 
10 FBP2, shown in Figure 4A (SEQ ED N0:4), the amino acid sequence of FBP3a shown in 
Figure 5A (SEQ ID N0:6), the amino acid sequence of FBP3b shown in Figure 6A (SEQ 
ID NO:24), the amino acid sequence of FBP4 shown in Figure 7A (SEQ ID N0:8), the 
amino acid sequence of FBP5 shown in Figure 8A (SEQ ID NO: 10), or the amino acid 
sequence of FBP6 shown in Figure 9A (SEQ ID NO: 12), the amino acid sequences of 
15 FBP7, shown in Figure 10 (SEQ ID N0:14). the amino acid sequences of FBP8, shown m 
Figure 1 1 (SEQ ID NO:26), the amino acid sequences of FBP9, shown in Figure 12 (SEQ 
ID NO:28), the amino acid sequences of FBPIO, shown in Figure 13 (SEQ ID NO:30), the 
amino acid sequences of FBPl 1, shown in Figure 14 (SEQ ID NO:32), the amino acid 
sequences of FBP12, shown in Figure 15 (SEQ ID NO:34), the amino acid sequences of 
20 FBP13, shown in Figure 16 (SEQ ID NO:36), the amino acid sequences of FBP14, shown 
InFigure 17 (SEQ K) NO:38), the amino acid sequences of FBP15, showTi in Figure 18 
(SEQ ID NO:40), the amino acid sequences of FBP16, shown in Figure 19 (SEQ ID 
NO:42), the amino acid sequences of FBPl 7, shown in Figure 20 (SEQ ID NO:44), the 
amino acid sequences of FBP18, shown in Figure 21 (SEQ ID NO:46). the amino acid 
25 sequences of FBP19, shown in Figure 22 (SEQ ID NO:48), the amino acid sequences of 
FBP20, shown in Figure 23 (SEQ ID NO:50). the amino acid sequences of FBP21, shown 
in Figure 24 (SEQ ID NO:52), the amino acid sequences of FBP22, shown in Figure 25 
(SEQ ID NO:54), the amino acid sequences of FBP23, shown in Figure 26 (SEQ ED 
NO:56), the amino acid sequences of FBP24, shown in Figure 27 (SEQ ID NO:58), the 
30 amino acid sequences of FBP25, shown in Figure 28 (SEQ ID NO:60). 

(c) any DNA sequence that hybridizes to the complement of the DNA 
sequences that encode any of the amino acid sequences of (SEQ ID NO: 2, 4, 6, 8, 10, 12 or 
14) or Figure 15 under highly stringent conditions, e.g., hybridization to filter-bound DNA 
in 0.5 M NaHP04, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 65 C, and wadiing 
35 in O.lxSSC/0.1% SDS at 68 C (Ausubel F.M. et al., eds., 1989, Current Protocols in 
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Molecular Biology, Vol, I, Green Publishing Associates, Inc., and John Wiley & sons. Inc., 
New York, at p. 2.10.3); and/or 

(d) any DNA sequence that hybridizes to the complement of the DNA 
sequences that encode any of the amino acid sequences in (SEQ ED NO: 2, 4, 6, 8, 1 0, 1 2 or 

5 14) or Figure 1 5, under less stringent conditions, such as moderately stringent conditions, 
e.g., washing in 0.2xSSC/0.1% SDS at 42 C (Ausubel at al., 1989, supra), and encodes a 
gene product functionally equivalent to an FBP gene product. 

II is understood that the FBP gene sequences of the present invention do not 
encompass the previously described genes encoding other mammalian F-box proteins, 

10 Skp2, Elongin A, Cyclin F, mouse Md6, (see Pagano, 1997, supra; Zhang et al., 1995, 
supra; Bai et al., 1996, supra; Skowyra et al., 1997, supra). It is further understood that the 
nucleic acid molecules of the invention do not include nucleic acid molecules that consist 
solely of the nucleotide sequence in GcnBank Accession Nos. AC002428, AI457595, 
A110540S, H66467, T47217, H38755, THC274684, AI750732, AA976979, AI571815, 

15 T57296, Z4422S, Z45230, N42405, AA018063, A1751015, AI400663, T74432, AA402415, 
AI826000, AI590138, AF174602, Z45775, AF174599, THC288870, AI0I7603, AF174598. 
THC260994, A1475671, AA768343, AF174595, THC2400I6, N70417, T10511, 
AF174603. EST04915, AA147429, AI192344, AF174594, AI147207, AI279712, 
AA593015, AA644633. AA335703, N26196, AF174604, AF053356, AF174606, 

20 AA836036, AA853045, AI479142, AA772788, AA039454, AA397652, AA463756, 
AA007384, AA749085, A1640599, THC253263, AB020647, THC295423, AA434109, 
AA370939, AA215393, THC271423, AF052097, THC288182, AL049953, CAB37981, 
AL022395, AL031178, TMC197682, andTHC205131. 

FBP sequences of the present invention are derived fix)m a eukaiyotic 

25 genome, preferably a mammalian genome, and more preferably a human or murine genome. 
Thus, the nucleotide sequences of the present invention do not encompass those derived 
firom yeast genomes. In a specific embodiment, the nucleotides of the present invention 
encompass any DNA sequence derived from a mammalian genome which hybridizes under 
highly stringent conditions to SEQ ID NO: 1 , 3, 5, 7, 9, 11 or 13, or to DNA sequence 

30 shown in Figure 14, encodes a gene product which cont^ns an F-box motif and binds to 
Skp 1 . In a specific embodiment, the nucleotides of the present invention eticonipass any 
DNA sequence derived torn a mammalian gen«ne which hybridize under highly stringent 
conditions to SEQ ID NO: 1, 3, 5, 7, 9, 1 1 or 13 encodes a gene product which contains an 
F-box motif and another domain selected from the group comprising 'WD-40, leucine rich 

35 region, leucine zipper motif, or other protein-protein interaction domain, and binds to Skp- 1 
and is at least 300 or 400 nucleotides in length. 
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FBP sequences can include, for example, either eukaryotic genomic DNA 
(cDNA) or cDNA sequences. When refeing to a nucleic acid which encodes a given 
amino acid sequence, therefore, it is to be understood that the nucleic acid need not only be 
a cDNA molecule, but can also, for example, refer to a cDNA sequence fix>m which an 
5 mRNA species is transcribed that is processed to encode the given amino acid sequence. 

As used herein, an FBP gene may also refer to degenerate variants of DNA 
sequences (a) through (d). 

The invention also includes nucleic acid molecules derived from mammalian 
nucleic acids, preferably DNA molecules, that hybridize to, and are therefore the 
1 0 complements of, the DNA sequences (a) through (d), in the preceding paragraph. Such 
hybridization conditions may be highly stringent or less highly stringent, as described 
above. In instances wherein the nucleic acid molecules are deoxyoligonucleotides 
("oligos"), highly stringent conditions may refer, e.g., to washing in 6xSSC/0.05% sodium 
pyrophosphate at 37 C (for 14-base oligos), 48 C (for 17-basc oligos), 55 C (for 20-base 
1 5 oligos), and 60 C (for 23-base oligos). These nucleic acid molecules may encode or act as 
FBP gene antisense molecules, useful, for example, in FBP gene regulation (for and/or as 
antisensc primers in amplification reactions of FBP gene nucleic acid sequences). With 
respect to FBP gene regulation, such techniques can be used to regulate, for example, an 
FBP-regulated pathway, in order to block cell proliferation associated with cancer. Further, 
20 such sequences may be used as part of ribozyme and/or triple helix sequences, also useful 
for FBP gene regulation. Still further, such molecules may be used as components of 
diagnostic methods whereby, for example, the presence of a particular FBP allele 
responsible for causing an FBP-related disorder, e.g., proUfcrative or differentiative 
disorders such as tumorigenesis or cancer, may be detected. 
25 The invention also encompasses: 

(a) DNA vectors that contain any of the foregoing FBP coding sequences 
and/or their complements (I'.e., antisense); 

(b) DNA expression vectors that contain any of the foregoing FBP coding 
sequences operatively associated vrith a regulatory element that directs the expression of the 

30 coding sequences; and 

(c) genetically engineered host cells that contain any of the foregoing FBP 
coding sequences operatively associated with a regulatory element that directs the 
expression of Ihe coding sequences in the host cell. 

As used herein, regulatory elemaits include but are not limited to inducible 
35 and non-inducible promoters, aihancers, operators and other elements known to those 
skilled in the art that drive and regulate expression. Such regulator}' elemente include but 
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are not limited to the cytoraegalovii-us liCMV immediate early gene, the early or late 
promoters of SV40 adenovirus, the lac system, the trp system, the TAC system, the TRC 
system, the major operator and promoter regions of phage A, the control regions of fd coat 
protein, the promoter for 3-phosphoglycerate kinase, the promoters of add phosphatase, and 

5 the promoters of the yeast-mating fectors. 

The invention further includes fiagments of any of the DNA sequences 
disclosed herein. 

In one embodiment, the FBP gene sequences of the invention are 
mammalian gene sequences, with human sequences being preferred. 

1 0 In yet another embodiment, the FBP gene sequences of the invention are 

gene sequences encoding FBP gene products containing polypeptide portions corresponding 
to (that is, polypeptide portions exhibiting amino acid sequence similarity to) the amino 
acid sequence depicted in Figures 2, 4-9 or 15, wherein the corresponding portion exhibits 
greater than about 50% amino acid identity with the depicted sequence, averaged across the 

15 FBP gene product's entire length. 

In specific embodiments, F-box encoding nucleic acids comprise the cDNA 
sequences ofSEQ ID NOs: 1, 3, 5, 23, 7, 9, 1 1, 13, 15, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 
45, 47, 49, 51, 53, 55. 57, or 59, nucleotide sequence of Figures 3B, 4B, 5B, 6B, 7B. 8B. 
9B, lOB, UB, 12B, 13B, 14B, ISB, 16B, 17B, 18B, 19B, 20B, 21B, 22B, 23B, 24B, 25B, 

20 26B, 27B, or 28B, respectively, or the coding regions thereof, or nucleic acids encoding an 
F-box protein (e.g., a protein having the sequence of SEQ ID NOs: 2, 4, 6, 24. 8, 10, 12, 14, 
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 68, or 60, or as shown in 
Figures 3A, 4A, 5A, 6A, 7A, 8A, 9A, lOA, llA, 12A, 13A, 14A, 15A, 16A, 17A, 18A, 
19A, 20A, 21A. 22A, 23 A, 24A, 25 A, 26A, 27A, or28A, respectively). 

25 The invention further p^o^ddes nucleotide fragments of nucleotide sequences 

encoding FBPl , FBP2, FBP3a, FBP4, FBP5, FBP6, or FBP7 (SEQ ED NOs: 1, 3. 5, 7, 9, 1 1 
and 13, respectively) of the invention. Such fragments consist of at least 8 nucleotides (i.e., 
a hybridizable portion) of an FBP gene sequence; in other embodiments, the nucleic acids 
consist of at least 25 (continuous) nucleotides, 50 nucleotides, 1 00 nucleotides, 1 50 

30 nucleotides, or 200 nucleotides of an F-box sequence, or a full-length F-box coding 
sequence. In another embodiment, the nucleic acids are smaller than 35, 200 or 500 
nucleotides in length. Nucleic acids can be single or double stranded. The invention also 
relates to nucleic acids hybridizable to or complementary to the foregoing sequences. In 
specific aspects, nucleic acids are provided which comprise a sequence complementary to at 

35 least 10, 25, SO, 100, or 200 nticleotides or the entire coding region of an F-box gene. 
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The invention further relates to the human genomic nucleotide sequences of 
nucleic acids. In specific embodimrats, F-box encoding nucleic acids comprise tiie 
genomic sequaices of SEQ ED NOs:l, 3, 5, 7, 9, 11 or 13 or the coding regions thereof, or 
nucleic acids eacoding an FBP protein (e.g. , a protein having the sequence of SEQ ID Nos: 

5 2, 4, 6, 8, 10, 12 or 14). The invention provides purified nucleic acids consisting of at lea^t 
8 nucleotides (i.e., a hybridizable portion) of an FBP gene sequence; in other embodiments, 
the nucleic acids consist of at least 25 (continuous) nucleotides, 50 nucleotides, 100 
nucleotides, 1 50 nucleotides, or 200 nucleotides of an FBP gene sequence or a &ll-length 
FBP gene coding sequence. In another embodiment, the nucleic acids are smaller than 35, 

10 200 or 500 nucleotides in lengtL Nucleic acids can be single or double stranded. The 
invention also relates to nucleic acids hybridizable to or complementary to the foregoing 
sequences. In specific aspects, nucleic acids are provided which comprise a sequence 
complementary to at least 10, 25, 50, 100, or 200 nucleotides or the entire coding region of 
an FBP gene sequence. 

1 5 In addition to the human FBP nucleotide sequences disclosed herein, other 

FBP gene sequences can be identified and readily isolated, without undue experimentation, 
by molecular biological techniques well known in the art, used in conjunction with the FBP 
gene sequences disclosed herein. For example, additional human FBP gene sequences at 
the same or at different genetic loci as those disclosed in SEQ ID NOs:1, 3, 5, 7, 9, 1 1 or 13 

20 can be isolated readily. There can exist, for example, genes at other genetic or physical loci 
within the human genome that encode proteins that have extensive homology to one or 
more domains of the FBP gene products and that encode gene products functionally 
equivalem to an FBP gene product. Further, homologous FBP gene sequences present in 
other species can be identified and isolated readily. 
25 The FBP nucleotide sequences of the invention further include nucleotide 

sequences that encode polypeptides having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 
65%. 70%, 75%, 80%. 85%, 90%, 95%, 98%. or higher amino acid sequence identity to the 
polypeptides encoded by the FBP nucleotide sequences of SEQ ID No.l, 3, 5, 7, 9, 1 1 or 
13. 

30 To detemiinc the percent identity of two amino acid sequences or of two 

nucleic acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal 
alignment with a second amino or nucleic acid sequence). The amino acid residues or 
nucleotides at corresponding amino acid positions or nucleotide positions are then 

35 compared. When a position in the first sequence is occupied by the same amino acid 
residue or nucleotide as the corresponding position in the second sequence, then the 
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molecules are identical at that position. The percent identity between the two sequences is a 
function of the number of identical positions shared by the sequences (i.e., % identity = # of 
identical overtyping positions/total # of overlapping positions x 100%). In one 
embodiment, the two sequences are the same length. 

5 The determination of percent identity between two sequences can also be 

accomplished using a mathematical algorithm. A preferred, non-limiting example of a 
mathematical algorithm utilized for the comparison of two sequences is the algorithm of 
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin 
and Altschul, 1993, Proc, Natl. Acad Sci. USA 90:5873-5877. Such aja algorithm is 

10 incorporated into the NBL.A.ST and XBLAST programs of Altschul, et al., 1990, J. Mol. 
Biol. 215:403-410. BLAST nucleotide searches can be perfonned with the NBLAST 
program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a 
nucleic acid molecules of the invention. BLAST protein searches can be perforraed with 
the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences 

1 5 homologous to a protein molecules of the invention. To obtain gapped alignments for 
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., 1997, 
Nucleic Acids i?ej.25:3389-3402. Alternatively, PSl-Blast can be used to perform an 
iterated search which detects distant relationships between molecules (Altschul et al., 1997, 
supra). When utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default 

20 parameters of the respective programs (eg., XBLAST and NBLAST) can be used (see 
http://www.ncbi.nlm.nih.gov). Another prefened, non-limiting example of a mathematical 
algorithm utilized for the comparison of two sequences is the algorithm of Karlin and 
Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlin and 
Altschul, 1993, Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is 

25 incorporated into the NBLAST and XBLAST programs of Altschul, et al., 1990, J. Mol. 
Biol. 215:403-410. BLAST nucleotide searches can be perfonned with tlie NBLAST 
program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a 
nucleic acid molecules of the invention. BLAST protein searches can be perfonned with 
the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences 

30 homologous to a protein molecules of the invention. To obtain gapped alignments for 
comparison purposes. Gapped BLAST can be utilized as described in Altschul et al., 1997, 
Nucleic Acids .^05.25:3389-3402. Alternatively, PSI-Blast can be used to perfoim an 
iterated search which delects distant relationships between molecules (Altschul et al., 1997, 
supra). When utilizing BLAST, Gapped BLAST, and PSI-Blast piograms, the default 

35 parameters of the respective programs (eg., XBLAST and NBLAST) can be used (see 
http://www.ncbi.nhn.nih.gov). Another preferred, non-limiting example of a mathematical 
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algorithm utilized for the comparison of sequences is the algorithm of Myers and MiU«, 
1988, CABIOS ■#:11-17. Such an algorithm is incorporated into the ALIGN program 
(version 2.0) which is part of the GCG seqiMnce alignment software package. When 
utilizing the ALIGN program for comparing amino acid sequences, a PAMl 20 weight 
5 residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. 

The percent identity between two sequences can be determined using 
techniques similar to those described above, with or without allowing gaps. In calculating 
percent identity, typically only exact matches are counted. 

With respect to identification and isolation of FBP gene sequences present at 
10 the same genetic or ph>^ical locus as those sequences disclosed herein, such sequences can, 
for example, be obtained readily by utilizing standard sequencing and bacterial artificial 
chromosome (BAC) technologies. 

With respect to the cloning of an FBP gene homologue in human or other 
species (e.g., mouse), the isolated FBP gene sequences disclosed herein may be labeled and 
1 5 used to screen a cDNA library constructed from mRNA obtained fiom appropriate cells or 
tissues {e.g., brain tissues) derived from the organism (e.g., mouse) of interest. The 
hybridization conditions used should be of a lower stringency when the cDNA library is 
derived from an organism different from the type of organism fiom which the labeled 
sequence was derived. 

20 Alternatively, the labeled fragment may be used to screen a genomic library 

derived from the organism of interest, again, using appropriately stringent conditions. Low 
stringency conditions are well known to those of skill in the art, and will vary predictably 
depending on the specific organisms from which the library and the labeled sequences are 
derived. For guidance regarding such conditions see, for example, Sambrook, et al., 1989, 

25 Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Press, N.Y.; 
and Ausubel, et al., supra. Further, an FBP gene homologue may be isolated from, for 
example, human nucleic acid, by performmg PCR using two degenerate oligonucleotide 
primer pools designed on the basis of amino acid sequences within an y FBP gene product 
disclosed herein. 

30 The PCR product may be subcloned and sequenced to ensure that the 

amplified sequences represent the sequences of an FBP gene nucleic acid sequence. The 
PCR fragment may then be used to isolate a full length cDNA clone by a variety of 
methods. For example, the amplified fragment may be labeled and used to screen a 
bacteriophage cDNA Mbrary. Alternatively, the labeled fragment may be used to isolate 

35 genomic clones via tfjc screening of a genomic library. 
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PGR technology may also be utilized to isolate full length cDNA sequences. 
For example, RNA may be isolated, following standard procedures, ftom an appropriate 
cellular or tissue source (i.e., one known, or suspected, to express the FBP gene, such as, for 
example, blood samples or brain tissue samples obtained through biopsy or post-mortem). 

5 A reverse transcription reaction may be performed on the RNA using an oligonucleotide 
primer specific for the most S' end of the amplified fiagment for the priming of first strand 
synthesis. The resulting RNA/DNA hybrid may then be "tailed" with guanines using a 
standard terminal transferase reaction, the hybrid may be digested with RNAase H, and 
second strand synthesis may then be primed with a poly-C primer. Thus, cDNA sequences 

1 0 upstream of the amphfied fiagment may easily be isolated. For a review of cloning 
strategies that may be used, see e.g., Sambrook et al., supra. 

FBP gene sequences may additionally be used to identify mutant FBP gene 
alleles. Such mutant alleles may be isolated from individuals either known or proposed to 
have a genotype that contributes to the symptoms of an FBP gene disorder, such as 

1 5 proliferative or differentiative disorders involved in tumoiigeaesis or causing cancer, for 
example. Mutant alleles and mutant allele products may then be utilized in the therapeutic, 
diagnostic and prognostic systems described below. Additionally, such FBP gene 
sequences can be used to detect FBP gene regulatory (e.g., promoter) defects which can be 
associated with an FBP disorder, such as proliferative or differentiative disorders involved 

20 in tumorigenesis or causing cancer, for example. 

FBP alleles may be identified by single strand conformational polymorphism 
(SSCP) mutation detection techniques, Southern blot, and'or PGR amplification techniques. 
Primers can routinely be designed to amplify overlapping regions of tlie whole FBP 
sequence including the promoter region. In one embodiment, primers are designed to cover 

25 the exon-intron boundaries such that, first, coding regions can be scanned for mutations. 
Genomic DNA isolated from lymphocytes of normal and affected individuals is used as 
PGR template. PGR products from normal and affected individuals are compared, either by 
single strand confonnational polymorphism (SSCP) mutation detection techniques and/or 
by sequencing. SSGP analysis can be performed as follows: 100 ng of genomic DNA is 

30 amplified in a 1 0 1 reaction, adding 10 pmols of each primer, 0.5 U of Taq DNA 

polymerase (Promega), 1 Ci of -[32P]dCTP (NEN; specific activity, 3000 Gi/mmol), in 2.5 
M dNTPs (Pharmacia), 10 raM Tris-HCl (pH 8.8). 50 mM KCl, 1 mM MgC12, 0.01% 
gelatin, final concentration. Thirty cycles of denaturation (94*0, annealing i56°C to 
64°C, depending on primer melting temperature), and extension {ll'C) is caiiied out in a 

35 thermal-cycler (MJ Research, Boston, MA, USA), followed by a 7 min final extension at 
72°C. Two microliters of the reaction mixture is dUuted in 0. 1% SDS, 10 mM EDTA and 
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then mixed 1 : I with a sequencing stop solution containing 2C mM NaOH. Samples ate 
heated al 95 C for 5 min, chilled on ice for 3 min and thea 3 1 will be loaded onto a 6% 
aciylamide/TBE gel containing 5% (v/v) glycerol. Gels are run at 8 W for 12-15 h at room 
teiTiperaturc. Autoradiography is performed by exposure to film at -70 C with intaisifying 
5 screens for different periods of time. The mutations responsible for the loss or alteration of 
function of the mutant FBP gene product can then be ascertained. 

Alternatively, a cDNA of a mutant FBP gene may be isolated, for example, 
using PGR. In tills case, the first cDNA strand may be synthesized by hybridizing an oligo- 
dT oligonucleotide to mRNA isolated from tissue known or suspected to be expressed in an 
10 individual putatively carrying the mutant FBP allele, and by extending the new strand with 
reverse transcriptase. The second strand of the cDNA is then synthesized using an 
oHgonucIeotide that hybridizes specifically to the 5' end of the normal gene. Using these 
two primers, the product is then amplified via PGR, cloned into a suitable vector, and 
subjected to DNA sequence analysis through methods well known to those of skill in the 
15 art. By comparing the DNA sequence of the mutant FBP allele to that of the normal FBP 
allele, the mutation(s) responsible for the loss or alteration of function of the mutant FBP 
gene product can be ascertained. 

Alternatively, a genomic library can be constructed using DNA obtained 
fiwm an individual suspected of or knovm to cany a mutant FBP allele, or a cDNA library 
20 can be constructed using RNA Scorn a tissue known, or suspected, to express a mutant FBP 
allele. An unimpaired FBP gene or any suitable fragment thereof may then be labeled and 
used as a probe to identify the corresponding mutant FBP allele in such libraries. Clones 
containing tlic mutant FBP gene sequences may then be purified and subjected to sequence 
analysis according to methods well known to those of skill in the art. 
25 Additionally, an expression library can be constructed utilizing cDNA 

synthesized from, for example, RNA isolated from a tissue known, or suspected, to express 
a mutant FBP allele in an individual suspected of or known to carry such a mutant allele. In 
this manner, gene products made by the putatively mutant tissue may be expressed and 
screened using standard antibody screening techniques in conjunction with antibodies raised 
30 against the normal FBP gene product, as described, below, in Section 5.3. (For screening 
techniques, see, for example, Hariow and Lane, eds., 1988, "Antibodies: A Laboratory 
Manual", Cold Spring Harbor Press, Cold Spring Harbor.) 

Nucleic acids encoding derivatives and analogs of FBP proteins, and FBP 
antisense nucleic adds can be isolated by the methods recited above. As used herein, a 
35 "nucleic acid encoding a fragment or portion of an F-box protein" shall be constru«i as 
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referring to a nucleic acid encoding only the recited fragment or portion of the FBP and not 

the other contiguous portions of the FBP protein as a continuous sequence. 

Fragments of FBP gene nucleic acids comprising regions conserved between 

(i.e., with homology to) other FBP gene nucleic acids, of the same or different species, are 
5 also provided. Nucleic acids encoding one or more FBP domains can be isolated by the 

methods recited above. 

In cases where an FBP mutation results in an expressed gene product with 

altered ftmction (e.g., as a result of a missense or a frameshift mutation), a polyclonal set of 

anti-FBP gene product antibodies are likely to cross-react with the mutant FBP gene 
10 product. Library clones detected via their reaction with such labeled antibodies can be 

purified and subjected to sequence analysis according to methods well known to those of 

skill in the art. 

5.2 PROTEINS AND POLYPEPTIDES OF FBP GENES 

15 The amino acid sequaices depicted in Figures 1 , 2, and parts B of Figures 3 

to 28 represent FBP gene products. The FBPl gene product, sometimes referred to herein 
as a "FBPl protein", includes those gene products encoded by the FBPl gene sequences 
described in Section 5.1, above. Likewise, the FBP2, FBP3a, FBP3b, FBP4, FBP5, FBP6, 
FBP7, FBP8, FBP9, FBPIO, FBPll, FBP12, FBP13, FBP14, FBP15, FBP16, FBPI7, 
20 FBP18, FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, and FBP25 gene products, 
referred to herein as an FBP2, FBPSa, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9. 
FBPIO, FBPll, FBP 12, FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, 
FBP2I , FBP22, FBP23, FBP24, and FBP25 proteins, include those gene products encoded 
by the FBP2, FBP3, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPl 0, FBPl 1 , FBPl 2, 
25 FBP13, FBP14, FBP15, FBP16. FBP17, FBP18, FBP19,FBP20, FBP21, FBP22, FBP23, 
FBP24, and FBP25 genes. In accordance with the present invention, tlie nucleic acid 
sequences encoding the FBP gene products are derived fix)m eukaryotic genomes, including 
mammalian genomes. In a preferred embodiment the nucleic acid sequences encoding the 
FBP gene products are derived from human or murine genomes. 
30 FBP gene products, or peptide fragments thereof, can be prepared for a 

variety of uses. For example, such gene products, or peptide fragments thereof, can be used 
for the generation of antibodies, in diagnostic and prognostic assays, or for the id«itification 
of other cellular or extracellular gene products involved in the ubiquitination pathway and 
thereby implicated in the regulation of cell cycle and proliferative disorders. 
35 In addition, FBP gene products of the present invention may include proteins 

It functionally equivalent (see Section 5.1 for a definition) gene products. FBP 
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gene products of the invention do not encompass the previously identified manimalian F- 
box proteins Skp2, Cyclin F, Elongin A, or mouse Md6 (see Pagano, 1997, supra; Zhang ct 
al . 1 995 supra; Bai et al., 1996 supra; Skowyra et al., 1 997, sujwa). 

Functionally equivalent FBP gene products may contain deletions, including 
5 internal deletions, additions, including additions yieldmg fusion proteins, or substitutions of 
amino acid residues within and/or adjacent to the amino acid sequence encoded by the FBP 
gene sequences describe4 above, in Section 5.1 , but that result in a "silent" change, in that 
the change produces a functionally equivalent FBP gene product. Amino acid substitutions 
may be made on the basis of sinularit>' in poianty, charge, solubility, hydrophobicity. 
1 0 hydrophilicity, and/or the amphipathic nature of the residues involved. For example, 
nonpolar (hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan, and methionine; polar neutral amino acids include glycine, 
serine, threonine, cysteine, tyrosine, asparagine, and glutamine; positively chatted (basic) 
amino acids include aiginine, lysine, and histidine; and negatively charged (acidic) amino 
15 acids include aspartic acid and glutamic acid. 

Alternatively, where alteration of function is desired, deletion or nau- 
conscrvativc alterations can be engineered to produce altered FBP gene products. Such 
alterations can, for example, alter one or more of the biological functions of the FBP gene 
product. Further, such alterations can be selected so as to generate FBP gene products fliat 
20 are better suited for expression, scale up. etc. in the host cells chosen. For example, 
cysteine residues can be deleted or substimted with another amino acid residue in order to 
eliminate disulfide bridges. 

The FBP gene products, peptide fragments thereof and fusion proteins 
thereof, may be produced by recombinant DNA technology using techniques well known in 
25 the art. Thus, methods for preparing the FBP gene polypeptides, peptides, fiision pqjtide 
and fusion polypeptides of the invention by expressing nucleic acid containing FBP gene 
sequences are described herem. Methods that are well known to those skilled in the art can 
be used to construct expression vectors containing FBP gene product coding sequences and 
^propriate transcriptional and translational control signals. These methods include, for 
30 example, in vitro recombinant DNA techniques, s>-nthetic techniques, and in vivo genetic 
recombmation. See, for example, the techniques described in Sambrook, et al., supra, and 
Ausubel, et al., supra. Alternatively, RNA capable of encoding FBP gene product 
sequences may be chemically synthesized using, for example, synthesizers. See, for 
example, the techniques described in "Oligonucleotide Synthesis", 1984, Gait, ed., IRL 
35 Press, Oxford. 
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A variety of host-expression vector systems may be utilized to express the 
FBP gene coding sequences of ttie invention. Such host-expression systems represent 
vehicles by which the coding sequences of interest may be produced and subsequently 
purified, but also represent cells that may, when transfonned or transfccted with the 
5 appropriate nucleotide coding sequences, exhibit the FBP gene product of the invention in 
situ. These include but are not limited to microorganisms such as bacteria (e.g., E. coli, B. 
subtilis) transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA 
expression vectors containing FBP gene product coding sequences; yeast (eg., 
Saccharomyces, Pichia) transformed with recombinant yeast expression vectors containing 
1 0 the FBP gene product coding sequences; insect cell systems infected with recombinant virus 
expression vectors (e.g., baculovirus) containing the FBP gene product coding sequences; 
plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower 
mosaic virus, CaMV ; tobacco mosaic virus, TMV) or transfonned with recombinant 
plasmid expression vectors (e.^., Ti plasmid) containing FBP gene product coding 

1 5 sequences; or mammalian cell systems ie.g , COS, CHO, BHK, 293, 3T3) haitooring 
recombinant expression constructs containing promoters derived fiom the genome of 
mammalian cells (e.^., metallothionein promoter) or from mammaMan viruses (e.g., the 
adenovirus late promoter; the vaccinia virus 7.5K promoter). 

In bacterial systems, a number of expression vectors may be advantageously 

20 selected depending upon the use intended for the FBP gene product being expressed. For 
example, when a large quantity of such a protein is to be produced, for the generation of 
pharmaceutical compositions of FBP protein or for raising antibodies to FBP protein, for 
example, vectors that direct the expression of high levels of fiasion protein products that are 
readily purified may be desirable. Such vectors include, but are not limited, to the E. coli 

25 expression vector pUR278 (Ruther et al., 1983, EMBO J. 2, 1 791), in which the FBP gene 
product coding sequence may be ligatcd individually into the vector in frame with the lac Z 
coding region so that a fusion protein is produced; pIN vectors (Inouye and Inouye, 1985, 
Nucleic Acids Res. 13, 3101-3109; VanHeeke and Schuster, 1989, J. Biol. Chem. 264, 
5503-5509); and the like. pGEX vectors may also be used to express foreign polypeptides 

30 as fusion proteins with glutathione S-transferase (GST). In general, such fusion proteins are 
soluble and can easily be purified from lysed cells by adsorption to glutathione-agarose 
beads followed by elation in the presence of Iree glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage sites so that the cloned target 
gene product can be released from the GST moiety. 

35 In an insect system, Autographs califomica, nuclear polyhedrosis virus 

(AcNPV) is used as a vector to express foreign genes. The vinis grows in Spodoptera 
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frugiperda cells. The FBP gene coding sequence may be cloned individually into non- 
essential regions (for example the polyhedrin gene) of the virus and placed under control of 
an AcNPV promoter (for example the polyhedrin promotQ-). Successful insertion of FBP 
gene coding sequence will result in inactivation of the polyhedrin gene and production of 
5 non-occluded recombinant wrus (i.e., virus lacking the proteinaceous coat coded for by the 
polyhedrin gene). These recombinant viruses are then used to infect Spodoptera frugiperda 
cells in which the inserted gene is expressed (e.g., see Smith, et al., 1983, J. Virol. 46, 584; 
Smith, U.S. Patent No. 4,215,051). 

In mammahan host cells, a number of viral-based expression systans maybe 
1 0 utilized. In cases where an adenovuus is used as an expression vector, the FBP gene coding 
sequence of interest maybe ligated to an adenovirus transcription/translation contiol 
complex, e.g., the late promoter and tripartite leader sequence. This chimeric gene may 
then be inserted in the adenovirus genome by in vitro or in vivo recombination. Insertion in 
a non-essential region of the viral genome (e.g., region El or E3) will result in a 
1 5 recombinant virus that is viable and capable of expressing FBP gene product in infected 
hosts, (e.g.. See Logan and Shenk, 1984, Proc. Natl. Acad. Sci. USA 81, 3655-3659). 
Specific initiation signals may also be required for efficient translation of inserted FBP gene 
product coding sequences. These signals include the ATG initiation codon and adjacent 
sequences. In cases where an entire FBP gene, including its own initiation codon and 
20 adjacent sequences, is inserted iiUo the appropriate expression vector, no additional 

translational control signals may be needed. However, in cases where only a portion of the 
FBP gene coding sequence is inserted, exogenous translational control signals, including, 
perhaps, the ATG initiation codon, must be provided. Furthermore, the initiation codon 
must be in phase with the reading jframe of the desired coding sequence to ensure translation 
25 of the entire insert. These exogenous translational control signals and initiation codons can 
be of a variety of origins, both natural and synthetic. The efficiency of expression may be 
enhanced by the inclusion of appropriate transcription enhancer elements, transcription 
terminators, etc. (see Bittner, et al., 1987, Methods in Enzymol. 153, 516-544). 

In addition, a host cell strain may be chosen that modulates the expression of 
30 the inserted sequences, or modifies and processes the gene product in the specific fadiion 
desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein 
products may be important for the fiinction of the protein. Different host cells have 
characteristic and specific mechanisms for the post-translational piocessing and 
modification of proteins and g«ie products. Appropriate cell lines or host systems can be 
35 chosen to ensure the correct modification and processing of the foreign protein expressed. 
To this Old, eukaiyotic host cells that possess the cellular machinery for proper processing 
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of the primary transcript, glycosylation, and phosphorylation of the gene product may be 
used. Such mammalian host cells include but are not limited to CHO, VERO, BHK, HeLa, 
COS, MDCK. 293, 3T3, and WI38. 

For long-term, high-yield production of recombiiumt proteins, stable 

5 expression is preferred. For example, cell lines that stably express the FBP gaie product 
may be engineered. Rather than usitig expression vectors that contain viral origins of 
replication, host cells can be transformed with DNA controlled by appropriate expression 
control elements (e.g., promoter, enhancer, sequences, transcription terminatois, 
polyadenylation sites, etc.), and a selectable marker. Following the introduction of the 
10 foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched media, 
and then are switched to a selective media. The selectable marker in the recombinant 
plasmid confers resistance to the selection and allows cells to stably integrate the plasmid 
into their chromosomes and grow to form foci that in turn can be cloned and expanded into 
cell lines. This method may advantageously be used to engineer cell lines that express the 

15 FBP gene product. Such engineered cell lines may be particularly useful in screening and 
evaluation of compounds that affect the endogenous activity of the FBP gene product. 

A number of selection systems may be used, including but not limited to the 
herpes simplex vims thymidine kinase (Wigler, et al., 1977, Cell 1 1 :223), hypoxanthine- 
guanine phosphoribosyltransferase (Szybalska and Szybalski, 1962, Proc. Natl. Acad. Sci. 

20 USA 48, 2026), and adenine phosphoribosyltransferase (Lowy, et al., 1980, Cell 22, 817) 
genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also, antimetabolite 
resistance can be used as the basis of selection for the following genes: dhfr, which confers 
resistance to methotrexate (Wigler, ct al., 1980, Natl. Acad. Sci. USA 77, 3567; O'Hare, et 
al., 1981. Proc. Natl. Acad. Sci. USA 78, 1527); gpt, which confers resistance to 

25 mycophenolic acid (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci, USA 78, 2072); neo, 
which confers resistance to the aminoglycoside G-418 (Colberre-Gari^in, et al,, 1981, J. 
Mol. Biol. 150, 1); and hygro, which confers resistance to hygromycin (Santerre, et al., 
1984, Gene 30, 147). 

Alternatively, any fusion protein may be readily purified by utilizing an 

30 antibody specific for the fusion protein being expressed. For example, a system described 
by Janknecht, et al, allows for the ready purification of non-denatured fusion proteins 
expressed in human cell lines (Janknecht, et al,, 1991, Proc, Natl, Acad. Sci. USA 88, 8972- 
8976). In this system, the gene of interest is subcloned into a vaccinia recombination 
plasmid such that the gene's open reading frame is toansiationally fused to an amino- 

35 terminal tag consisting of six histidine residues. Extracts fixwn cells infected with 
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recombinant vaccinia vims are loaded onto Ni2-i nitriloacetic acid-agarose coluims and 
histidine-tagged proteins are selectively eluted with imidazole-contaimng buffers. 

The FBP gene products can also be expressed in transgenic animals. 
Animals of any species, including, but not limited to, mice, rats, rabbits, guinea pigs, pigs, 

5 micro-pigs, goats, sheep, and non-human primates, e^., baboons, monkeys, and 

chimpanzees may be used to generate FBP transgenic animals. The term "transgenic," as 
used herein, refers to animals expressing FBP gene sequences from a different species (e.g., 
mice expressing human FBP sequences), as well as animals that have been genetically 
engineered to overexpress endogenous (i.e., same species) FBP sequences or animals that 

1 0 have been genetically engineered to no longer express endogenous FBP gene sequences 
(ic, "knocic-out" animals), and their progeny. 

In particular, the present invention relates to FBP I knockout mice. The 
present invention also relates to transgenic mice which express human wild-type FBPl and 
Skp2 gene sequences in addition to mice engineered to express human mutant FBPl and 

1 5 Skp2 gene sequences deleted of their F-box domains. Any technique known in the art may 
be used to introduce an FBP gene transgene into animals to produce the founder lines of 
transgenic animals. Such techniques include, but are not limited to pronuclear 
microinjection (Hoppe and Wagner, 1989, U.S. Pat No. 4,873,1 91); retrovirus mediated 
gene transfer into germ lines (Van dcr Putten, et al., 1985, Proc. Natl. Acad. Sci., USA 82, 

20 6148-6152); gene targeting in embryonic stem cells (Thompson, et al., 1989, Cell 56, 313- 
321); electroporation of embryos (Lo, 1983, Mol. Cell Biol. 3, 1803-1814); and sperm- 
mediated gene transfer (Lavitrano ct al., 1989, Cell 57, 717-723) (For a review of such 
techniques, see Gordon, 1989, Transgenic Animals, Intl. Rev. Cytol. 115, 171-229) 

Any technique known in the art may be used to produce transgenic animal 

25 clones containing an FBP transgene, for example, nuclear transfer into enucleated oocytes 
of nuclei from cultured embryonic, fetal or adult cells induced to quiescence (Campbell, et 
al., 1996, Nature 380, 64-66; Wihnut, et al.. Nature 385, 810-813). 

The present invention provides for transgenic animals that carry an FBP 
transgene in all their cells, as well as animals that cany the transgene in some, but not all 

30 their cells, i.e., mosaic animals. The transgene may be integrated as a single transgene or in 
concatamers, e.g., head-to-hcad tandems or head-to-tail tandems. The transgene may also 
be selectively introduced into and activated in a particular cell type by following, for 
example, the teaching of Lasko et al. (Lasko, et al., 1992, Proc. Natl. Acad. Sci. USA 89, 
6232-6236). The regulatory sequences required for such a cell-type specific activation will 

3 5 depend upon the particular cell type of intei^st, and will be apparent to tliose of skill in the 
art. Examples of regulatory sequences that can be used to direct tissue-specific expression 
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of an FBP transgeae include, but arc not limited to, the clastase I gene control region which 
is active in pancreatic acinar cells (Swift et ai, 1984, Cell 38:639-646; Oniitz et al, 1986, 
Cold Spring Harbor Symp. Quant. Biol. ^:399-409; MacDonald, 1 987, Hepatology 2:42S- 
5 1 S); the insulin gene control region which is active in pancreatic beta cells (Hanahan, 

5 1985, Nature 315:115-122); inununoglobulin gene control region which is active in 
lymphoid ceUs (Grosschedl et al, 1984. Cell 28:647^58; Adams et al., 1985. Nature 
318:533-538; Alexander al., 1987, Mol. Cell, Biol. 7:1436-1444): albumin gene control 
region which is active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-276) alpha- 
fetoprotein gene control region which is active in liver (Krumlauf etal., 1985, Mol. Cell. 

10 Biol. 5:1639-1648; Hammer et al., 1987, Science 235:53-58); alpha- 1 -antitrypsin gene 
control region which is active in liver (Kelsey et al., 1987, Genes and Devel. 1:161-171); 
beta-globin gene control region which is active m myeloid cells (Magram et al., 1985. 
Nature 315:338-340; KoUias etal, 1986, Cell 46:89-94); myelin basic protein gene control 
region which is active in oligodendrocyie cells in the brain (Readhead et al, 1987, Cell 

15 48:703-712); myosin light chain-2 gene control region which is active in skeletal muscle 
(Shani, 198S, Nature 314:283-286); and gonadotropic releasing hormone gene control 
region which is active in the hypothalamus (Mason et al., 1986, Science 234:1372-1378). 
Promoters isolated from the genome of viruses that grow in mammalian cells, (e.g., vaccinia 
virus 7.5K, SV40, HSV, adenoviruses MLP, MMTV, LTR and CMV promoters) may be 

20 used, as well as promoters produced by recombinant DNA or synthetic techniques. 

When it is desired that the FBP gene transgene be integrated into the 
chromosomal site of the endogenous FBP gene, gene targeting is preferred. Briefly, when 
such a technique is to be utilized, vectors containing some nucleotide sequences 
homologous to the endogenous FBP gene are designed for the purpose of integrating, via 

25 homologous recombination with chromosomal sequences, into and disrupting the function 
of the nucleotide sequence of the endogenous FBP gene. The transgene may also be 
selectively introduced into a particular cell type, thus inactivating the endogenous FBP gene 
in only that cell type, by following, for example, the teaching of Gu, et aL (Gu, et al., 1994, 
Science 265, 103-106). The regulatory sequences required for such a cell-type specific 

30 inactivation will depend upon the particular cell type of intwest, and will be apparrait to 
those of skill in the art. 

Once transgenic animals have been genarated, the expression of the 
recombinant FBP gene may 1» assayed utilizing standard techniques. Initial screening may 
be accomplished by Southern blot analysis or PCR techniques to analyze animal tissues to 

35 assay whether integration of the transgene has taken place. The level of niRNA expression 
of the transgene in the tissues of the transgenic animals may also be assessed using 
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techniques that include bat are not limited to Northern blot analysis of tissue samples 
obtained from the animal, in situ hybridization analysis, and RT-PCR (reverse transcriptase 
PCR). Samples of FBP gene-expressing tissue, may also be evaluated 
immunocytochemically usir^ antibodies specific for the FBP transgene product. 
5 Transgenic mice harboring tissue-directed transgenes can be used to test the 

effects of FBP gene expression the intact animal, h one embodiment, transgenic mice 
harboring a human FBPl transgene in the mammarj' gland can be used to assess the role of 
FBPs in mouse mammar\' development and tumorigenesis. In another embodiment, 
transgenic mice can be generated that overexpress the human FBPl dominant negative 
10 mutant form (F-box deleted) in the mammary gland. In a specific embodiment, for 
example, the MMTV LTR promoter (mouse mammary tumor virus long teraainal rq>eat) 
can be used to direct integration of the transgene in the mammaty gland. An MMTV/FBPl 
fusion gene can be constructed by fusing sequences of the MMTV LTR promoter to 
nucleotide sequences upstream of the first ATG of FBPl gene. An SV40 polyadenylation 
1 5 region can also be fiised to sequences downstream of the FBP 1 coding region. Transgenic 
mice are gena^ted by methods well known in the art (Gordon, 1989, Transgenic Animals, 
Intl. Rev. CytoL 1 15, 171-229). Briefly, immature B6D2F1 female mice are supeiovulated 
and mated to CD-I males. The following morning the females are examined for the 
presence of vaginal plugs, and fertilized ova are recovered and microinjected with a plasmid 
20 vector. Approximately 2000 copies of the material are microinjected info each pronucleus. 
Screening of founder animals is performed by extraction of DNA from spleen and Southern 
hybridization using the MMTV/FBPl as a probe. Screening of offspring is performed by 
PCR of tail DNA. Once transgenic pedigrees arc estabUshed, the expression pattern of the 
transgene is determined by Northern blot and RT-PCR analysis in different organs in cider 
25 to correlate it with subsequent pathological changes. 

The resulting transgenic animals can then be examined for the role of FBP 
genes in tumorigenesis. In one embodiment, for example, FBP transgenes can be 
constracted for use as a breast cancer model. Overexpression of FBPl genes in such mice 
is expected to increase P-catenin ubiquitination and degradation, resulting in a tumor 
30 suppressor phenotj^e. Conversely, overexpression of the FBP 1 deletion mutant is expected 
to result in stabilization of p-catenin and induce proliferation of mammary gland 
epithelium. These phenotypes can be tested in both female and male transgenic mice, by 
assays such as those described in Sections 5.4, 5.5 and 7. 

In another specific embodiment, transgenic mice are generated that express 
35 FBPl transgenes in T-lymphocytes. In this embodiment, a CD2/FBP1 ftision gene is 
constructed by fusion of the CD2 promoter, which drives expression in both CD4 positive 
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and negative T-cells, to sequences located upstream of the first ATG of an FBP gene, e.g., 
the wild-type and mutant FBPl genes. The construct can also contain an S V40 
poiyadenylalion region downstream of the FBP gene. After generation and testing of 
transgenic mice, as described above, the expression of the FBP transgene is examined. The 

5 transgene is expressed in thymus and spleen. Overexpression of wild-type FBPl is 
expected to result in a phenotype. For example, possible expected phenotypes of FBP 1 
transgenic mice include increased degradation of KBce, increased activation of NFKB, or 
increased cell proliferation. Conversely, overexpression of the dominant negative mutant, 
FBPl, lacking the F-box domain, can be expected to have the opposite effect, for example, 

1 0 increased stabiUty of KBa, decreased activation of NFKB, or decreased cell proliferation. 
Such transgenic phenotypes can be tested by assays such as those used in Section 5.4 and 
5.5. 

In another specific embodiment, the SKP2 gene is expressed in 
T- lymphocytes of trangenic mice. Conversely, the F-box deletion form acts as dominant 

1 5 negative, stabilizing p27 and inhibiting T-cell activation. Construction of the CD2/SKP2 
fusion genes and production of transgenic mice are as described above for CD2/ FBP fiision 
genes, using wild-type and mutant SKP2 cDNA, instead of FBPl cDNA, controlled by the 
CD2 promoter. Founders and their progeny are analyzed for the presence and expression of 
the SKP2 transgene and the mutant SKP2 transgene. Expression of the transgene in spleen 

20 and thymus is analyzed by Northern blot and RT-PCR 

In another specific embodiment, transgenic mice are constructed by 
inactivation of the FBPl locus in mice. Inactivation of the FBPl locus in mice by 
homologous recombination involves four stages: 1 ) the construction of the targeting vector 
for FBPl; 2) the generation of ES +/- cells; 3) the production cfknock-out mice; and 4) 

25 the characterization of the phenotype. A 129 SV mouse genomic phage library is used to 
identify and isolate the mouse FBPl gene. Bacteriophages are plated at an appropriate 
density and an imprint of the pattern of plaques can be obtained by gently layering a nylon 
membrane onto the surface of agarose dishes. Bacteriophage particles and DNA are 
transferred to the filter by capillary action in an exact replica of the pattern of plaques. 

30 After denaturation, the DNA is bound to the filter by baking and then hybridized with ^"P- 
labeled-FBPl cDNA. Excess probe is washed away and the filters were then exposed for 
autoradiography. Hybridizing plaques, identified by aligning the film with the original agar 
plate, were picked for a secondary and a tertiary screening to obtain a pure plaqtie 
preparation. Using this method, positive phage which span the region of interest, for 

35 example, the region encoding the F-box, are isolated. Using PGR, Southern hybridization. 
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restriction mapping, subcloning and DNA sequencing the partial structure of the wild-type 
FBPl gene can be detennined. 

To inactivate the Fbpl locus by homologous recombination, a gene 
targeting vector in wUch exon 3 in the Fbpl locus is replaced by a selectable marker, for 
5 example, the ncoR gene, in an antisense orientation can be constructed. Exon 3 encodes the 
F-box motif which is known to be critical for Fbpl interaction with Skpl. The targeting 
construct possesses a short and a long arm of homology flanking a selectable marker gene. 
One of the vector arms is relatively short (2 kb) to ensure efficient amplification since 
homologous recombinant ES clones will be screened by PCR. The other arm is >6 kb to 
10 maximize the frequency of homologous recombination. A thymidine kinase (tk) gene, 
included at the end of the long homology ann of the vector provides an additional negative 
selection marker (using gancylovir) against ES clones viWch randomly integrate the 
targeting vector. Since homologous recombination occurs frequently using linear DNA, the 
targeting vector is linearized prior to transfection of ES cells. Following electroporation 
1 5 and double drug selection of embryonic stem cell clones, PCR and Southern analysis is used 
to determine whether homologous rccombmation has occurred at the FBPl locus. 
Screening by PCR is advantageous because a larger number of colonies can be analyzed 
with this method than with Southern analysis. In addition, PCR screening allows i^id 
elimination of negative clones thus to avoid feeding and subsequently freezing all the clones 
20 while recombinants are identified. This PCR strategy for detection of homologous 

recombinants is based on the use of a primer pair chosen such that one primer anneals to a 
sequence specific to the targeting construct, e.g., sequences of the neomycin gene or other 
selectable marker, and not in the endogenous locus, and the other primer anneals to a region 
outside the construct, but wHthin the endogenous locus. Southern analysis is used to 
25 confirm that a homologous recombination event has occurred (both at the short ami of 
homology and at the long ami of homology) and that no gene duplication events have 
occurred during the recombination. 

Such FBPl knockout mice can be used to test the role of Fbpl in cellular 
regulation and control of proliferation. In one embodiment, phenotype of such mice lacking 
30 ^'bp 1 is cellular hyperplasia and increased tumor formation. In another embodiment FBP 1 
null mice phenotypes include, but are not limited to, increased p-catenin activity, 
stabilization of P-catenin, increased cellular proliferation, accumulation of IK-Ba, decreased 
NF-KB activity, deficient immune response, inflammation, or increased cell death or 
apoptotic activity. Alternatively, a deletion of the of the FBPl gene can result in an 
35 embryonic lethality. In this case, heterozygous mice at the FBPl allele can be tested using 
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the above assays, and embryos of null FBP mice can be tested using the assays described 
above. 

Transgenic mice bearing FBP transgenes can also be used to screen for 
compounds capable of modulating the expression of the FBP gene and/or the synthesis or 
activity of the FBPl gene or gene product. Such compounds and methods for screening are 
described. 



10 



S.3 GENERATION OF ANTIBODIES TO F-BOX PROTEINS AND THEIR 
DERIVATIVES 



According to the invention, F-box motif, its fragments or other derivatives, 
or analogs thereof, may be used as an immunogen to generate antibodies which 
iiimiunospecifically bind such an immunogen. Such antibodies include but are not limited 
to polyclonal, monoclonal, chimeric, single chain. Fab fragments, and an Fab expression 

15 library-. In a specific embodiment, antibodies to a human FBP protein are produced, to 
another embodiment, antibodies to a domain (e.g., the F-box domain or the substrate- 
binding domain) of an FBP are produced. 

Various procedures known in the art may be used for the production of 
polyclonal antibodies to an FBP or derivative or analog. In a particular embodiment, rabbit 

20 polyclonal antibodies to an epitope of an FBP encoded by a sequence of FBPl , FBP2, 
FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPIO, FBPl 1, FBP12, FBP13, 
FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, 
and FBP25, or a subsequence thereof, can be obtained (Pagano, M., 1995, "From peptide to 
purified antibody", in Cell Cycle: Materials and Methods. M. Pagano, ed. Spring-Verlag. 

25 217-281). For the production of antibody, various host animals can be immunized by 
injection vnth the native FBP, or a synthetic version, or derivative {e.g., ftagment) thereof, 
including but not limited to rabbits, mice, rats, etc. Various adjuvants may be used to 
increase the immunological response, depending on the host species, and including but not 
limited to Freund's (complete and incomplete), mineral gels such as aluminum hydroxide, 

30 surface active substances such as iysolecithin, pluronic polyols, polyanions, peptides, oil 
emulsions, keyhole limpet hcmocyanins, dinitrophenol, and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and corynebacterium parvum. 

For prq)aration of monoclonal antibodies directed toward an FBP sequence 
or analog thereof, any technique which provides for the production of antibody molecules 

35 by continuous celilines in culture may be used. For example, the hybridoma technique 
originally developed by Kohler and Milstein (1975, Nature 256:495-497), as well as ttie 
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trioma technique, the human B-cell hybridoma technique (Kozbor et al, 1983, Immunology 
Today 4:72), and the EBV-hybridoma technique to produce human monoclonal antibodies 
(Cole et al., 1 985, in Monoclonal Antibodies and Cancer Ther^y, Alan R. Liss, Inc., pp. 
77-96). In an additional embodiment of the invention, monoclonal antibodies can be 

5 produced in gcrm-frcc animals utilizing recent technology (PCT/US90/02545). According 
to the invention, human antibodies may be used and can be obtained by using human 
hybridomas (Coteet al, 1983, Proc. Natl. Acad. Sci. U.S.A. 80:2026-2030) or by 
transforming human B cells with EBV virus in vitro (Cole et al., 1985, in Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, pp. 77-96). In fact, according to the 

1 0 invention, techniques developed for the production of "chimaio antibodies" (Morrison et 
al., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851-6855; Neuberger ct al., 1984, Nature 
312:604-608; Takeda et al., 1985, Nature 314:452-454) by spUcing the genes from a mouse 
antibody molecule specific for FBP together with genes from a human antibody molecule 
of appropriate biological activity can be used; such antibodies are within the scope of this 

According to the invention, techniques described for the production of single 
chain antibodies (U.S. Patent No. 4,946,778) can be adapted to produce FBP-spccific single 
chain antibodies. An additional embodimait of the invention utilizes the techniques 
described for the construction of Fab expression libraries (Huse et al, 1989, Science 

20 246:1275-1281) to allow rapid and easy identification of monoclonal Fab fragments with 
the desired specificity for FBPs, derivatives, or analogs. 

Antibody fragments which contain the idiotype of the molecule can be 
generated by known techniques. For example, such fragments include but arc not limited to: 
the F(ab')2 fragment which can be produced by pepsin digestion of the antibody molecule; 

25 the Fab' fragments which can be generated by reducing the disulfide bridges of the F(ab')2 
fragment, the Fab fragments which can be generated by treating the antibody molecule with 
papain and a reducing agent, and Fv fragments. 

In the production of antibodies, screening for the desired antibody can be 
accomplished by techniques known in the art, e.g. ELISA (cnz>'me-linked immunosorbent 

30 assay). For example, to select antibodies which recognize a specific domain of an FBP, one 
may assay generated hybridomas for a product which binds to an FBP fragment containing 
such domain. For selection of an antibody that specifically binds a first FBP homolog but 
which does not specifically bind a different FBP homolog, one can select on the basis of 
positive binding to the first FBP homolog and a lack of binding to the second FBP 

35 homolog. 
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Antibodies specific to a domain of an FBP are also provided, such as an F- 

box motif. 

The foregoing antibodies can be used in methods known in the art relating to 
the localization and activity of the FBP sequences of the invention, e.g., for imaging these 
5 proteins, measuring levels thereof in appropriate physiological samples, in diagnostic 
methods, etc. 

In another embodiment of the invention (see infra), anti-FBP antibodies and 

fragments thereof containing the binding domain are used as therapeutics. 

10 5.4 SCREENING ASSAYS FOR THE IDENTIFICATION OF AGENTS THAT 
INTERACT WITH F-BOX PROTEINS .AND/OR INTERFERE WITH 
THEIR ENZYTVIATIC ACTIVITIES 

Novel components of the ubiquitin Ugasc complex, including FBPl, FBP2, 
FBP3a, FBP3b, FBP4, FBP5, FBP6, FBP7, FBP8, FBP9, FBPIO, FBPU, FBP12, FBP13, 
FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, FBP21, FBP22, FBP23, FBP24, 
and FBP25, mteract with cellular proteins to regulate cellular proliferation. One aspect of 
the present invention provides methods for assaying and screening fragments, derivatives 
and analogs of the novel components to identify polypeptides or peptides or other 
compounds that interact with the novel ubiquitin ligases such as potential substrates of 
ubiquitin ligase activity. The present invention also provides screening assays to identify 
compounds that modulate or inhibit the interaction of the novel FBPs with other subunits or 
numbers of the ubiquitin ligase complex, such as Skpl, or ubiquitinating enzymes with 
which the novel FBPs interact. 

In yet another embodiment, the assays of the present invention may be used 

22 to identify polypeptides or peptides or other compounds which inhibit or modulate the 
interaction between the novel ubiquitin ligases or known (e.g., Skpl) components of the 
ubiquitin ligase complex with novel or known substrates. By way of example, but not by 
limitation, the screening assays described herein may be used to identify peptides or 
proteins that mterfere with the interaction between known ubiquitin ligase component, 
Skp2, and its novel substrate, p27. In another example, compounds that interfere with the 
interaction between FBPl and its novel substrate, P-catenin, are identified using the 
screening assay. In another example, compounds that interfere with the interaction between 
Skp2 and another putative substrate, E2F, are identified using the screening assay. In yet 
another example, compounds that interfere with the interaction between FBPl and another 

22 putative substrate, DCBa, are identified using the screening assay. 
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In yet another embodiment, the assays of the present invention may be used 
to identify polvpeptides or pepiides which inhibit or activate the enzymatic activators of the 
novel FBPs. 

5.4.1 ASSAYS FOR PROTEIN-PROTEIN INTERACTIONS 

Derivatives, analogs and fiagments of proteins that interact with the novel 
components of the ubiquitin ligase complex of the present invention can be identified by 
means of a yeast two hybrid assay system (Fields and Song, 1989, Nature 340:245-246 and 
U.S. Patent No. 5,283,173). Because the interactions are screened for in yeast, the 
intetmolecular protein interactions detected in this system occur under phj'siological 
conditions that mimic the conditions in mammalian cells (Chien et al., 1991, Proc. Natl. 
Acad. Sci. U.S.A. 88:9578-9581). 

Identification of interacting proteins by the improved yeast two hybrid 
system is based upon the detection of expression of a reporter gene, the transcription of 
which is dependent upon the reconstilution of a transcriptional regulator by the interaction 
of two proteins, each flised to one half of the transcriptional regulator. The "bait" {i.e., the 
novel components of the ubiquitin ligase complex of the present invention or derivatives or 
analogs thereof) and "prey" (proteins to be tested for ability to interact with the bait) 
proteins are expressed as fusion proteins to a DNA binding domain, and to a transcriptional 
regulatory domain, respectively, or vice versa. In various specific embodiments, the prey 
has a complexity of at least about 50, about 100, about 500, about 1,000, about 5,000, about 
10,000, or about 50,000; or has a complexity in the range of about 25 to about 100,000, 
about 100 to about 100,000, about 50,000 to about 100,000, or about 1 00,000 to about 
500,000. For example, the prey population can be one or more nucleic acids encoding 
mutants of a protein [e.g. , as generated by site-directed mutagenesis or another method of 
making mutations in a nucleotide sequence). Preferably, the prey populations are proteins 
encoded by DNA, e.g., cDNA or genomic DNA or synthetically-generated DNA. For 
example, the populations can be expressed from chimeric genes comprising cDNA 
sequences from an un-characterized sample of a population of cDNA fiom mRNA. 

In a specific embodiment, recombinant biological libraries expressing 
random peptides can be used as the source of prey nucleic acids. 

In general, proteins of the bait and prey populations are provided as fusion 
(chimeric) proteins (preferably by recombinant expression of a chimeric coding sequence) 
comprising each protein contiguous to a pre-selected sequence. For one population, the pre- 
selected sequence is a DNA binding domaitL The DNA binding domain can be any DNA 
binding domain, as long as it specifically recognizes a DNA sequence within a promoter. 
For example, the DNA binding domain is of a transcriptional activator or inhibitor. For the 
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Other population, the pre-selected sequence is an activator or inhibitor domain of a 
transcriptional activator or inhibitor, respectively. The regulatory domain alone (not as a 
fusion to a protein sequence) and the DNA-binding domain alone (not as a fusion to a 
protein sequence) preferably do not detectably interact (so as to avoid false positives in the 

5 assay). The assay system further includes a reporter gene operably linked to a promoter that 
contairts a binding site for the DNA binding domain of the transcriptional activator (or 
inhibitor). Accordingly, in the present method of the present invention, binding of a 
ubiquitin ligase fusion protein to a prey fusion protein leads to reconstitution of a 
transcriptional activator (or inhibitor) which activates (or inhibits) expression of the reporter 

10 gene. The activation (or inhibition) of transcription of the reporter gene occurs 
intracellularly, e.g., in prokaryotic or eukaiyotic cells, preferably in cell cultine. 

The promoter that is operably linked to the reporter gene nucleotide 
sequence can be a native or non-native promoter of the nucleotide sequence, and the DNA 
binding site(s) that are recognized by the DNA binding domain portion of the fusion protein 

1 5 can be native to the promoter (if the promoter normally contains such binding site(s)) or 
non-native to the promoter. 

Alternatively, the transcriptional activation binding site of the desired 
gene(s) can be deleted and replaced with GAL4 binding sites (Bartel et al., 1993, 
BioTechniques 14:920-924, Chasman et al., 1989. Mol. Cell. Biol. 9:4746-4749). The 

20 reporter gene preferably contains the sequence encoding a detectable or selectable marker, 
the expression of which is regulated by the transcriptional activator, such that the marker is 
either turned on or off in the cell in response to the presence of a specific interaction. 
Preferably, the assay is carried out in the absence of background levels of the transcriptional 
activator (e.g., in a cell that is mutant or otherwise lacking in the transcriptional activator). 

25 The activation domain and DNA binding domain used in the assay can be 

from a wide variety of transcriptional activator proteins, as long as these transcriptional 
activators have separable binding and transcriptional activation domains. For example, the 
GAL4 protein of S. cerevisiae (Ma et al., 1987, Cell 48:847-853), the GCN4 protein of S. 
ccrcvisiae (Hope & Struhl, 1986, Cell 46:885-894), the ARDl protein of S. cerevisiae 

30 (Thukrai et al., 1989, Mol. Cell. Biol. 9:2360-2369), and the human estrogen receptor 
(Kumar et al , 1987, Cell 51:941-951), have separable DNA binding and activation 
domains. The DNA binding domain and activation domain that are employed in the fusion 
proteins need not be from the same transcriptional activator. In a specific embodiment, a 
G AL4 or LEXA DNA binding domain is employed. In another specific embodiment, a 

35 GAL4 or heipes simplex virus VP16 (Triezenberg ct al., 1988, Genes Dev. 2:730-742) 
activation domain is employed. In a specific embodiment, amino acids 1-147 of GAL4 (Ma 
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et al, 1987, Cell 48:847-853; Ptashne et al., 1990, Nature 346:329-331) is the DNA binding 
domain, and amino acids 41 1-455 of VP16 (Triezenbcrg et al., 1988, Genes Dev. 2:730- 
742; Cress et al., 1991, Science 251:87-90) comprise the activation domain. 

In a preferred embodiment, the yeast transcription factor GAL4 is 
5 reconstituted by protein-ptxjtein interaction and the host strain is mutant for GAL4. In 
another embodiment, the DNA-binding domain is Ace IN and/ or the activation domain is 
Acel, the DNA binding and activation domains of the Acel protein, respectively. Acel is a 
yeast protein that activates transcription from the CUPl operon in the presence of divalent 
copper. CUP 1 encodes metallothionein, which chelates copper, and the expression of 
iO CUPl protein allows growth in the presence of copper, which is otherwise toxic to the host 
cells. The reporter gene can also be a CUPl-lacZ fusion that expresses the enzyme beta- 
galactosidase (detectable by routine chromogenic assay) upon binding of a reconstituted 
AcelN transcriptional activator (see Chaudhuri et al., 1995, FEES Letters 357:221-226). In 
another specific embodiment, the DNA binding domain of the human estrogen receptor is 
1 5 used, with a reporter gene driven by one or three estrogen recqitor response elements (Le 
Douarin et al., 1995, Nucl. Acids. Res. 23:876-878). The DNA binding domain and the 
transcriptional activator/inliibitor domain each preferably has a nuclear localization signal 
(see Ylikomi et al., 1 992, EMBO J. 1 1 :368 1 -3694, Dingwall and Laskey, 1 991 , TIBS 
16:479-481) functional in the cell in which the fusion proteins are to be expressed. 
20 To facilitate isolation of the encoded proteins, the fusion constructs can 

further contain sequences encoding afTmity tags such as glutathione-S-transferase or 
maltose-binding protein or an epitope of an available antibody, for affinity purification {e.g., 
binding to glutathione, maltose, or a particular antibody specific for the epitope, 
respectively) (Allen et al., 1995. TIBS 20:51 1-516). In another embodiment, the fusion 
25 constructs further comprise bacterial promoter sequences for recombinant production of the 
fusion protein in bacterial cells. 

The host cell in which the interaction assay occure can be any cell, 
prokaryotic or eukarj'otic, in which transcription of the reponer gene can occur and be 
detected, including, but not limited to, mammalian {e.g., monkey, mouse, rat, human, 
30 bovine), cliickcn, bacterial, or insect cells, and is preferably a yeast cell. Expression 
constmcts encoding and capable of expressing the binding domain fusion proteins, the 
transcriptional activation domain fusion proteins, and the reporter gene product(s) are 
provided within the host cell, by mating of cells containing the expression constructs, or by 
cell fusion, transformation, electroporation, microinjection, etc. 
35 Various vectors and host strains for expression of the two fusion protein 

populations in yeast are known and can be used (see e.g., U.S. Patent No. 5,1468,614; 



-43- 



wo 00/12679 



PCT/i;S99/19560 



Bartel et al., 1993, "Using the two-hybrid system to detect protein-protein interactions" In: 
Cellular Interactions in Development, Hartley, ed.. Practical Approach Series xviii, IRL 
Press at Oxford University Press, New York. NY, pp. 1 53-1 79; Fields and Stemglanz, 1 994, 
Trends In Genetics 10:286-292). 

5 If not already lacking in endogenous reporter gene activity, cells mutant in 

the reporter gene may be selected by knovm methods, or the cells car be made mutant in the 
target reporter gene by known gene-disruption me&ods prior to introducing the reporter 
gene (Rothstcin, !9S3, Meth, Enzsmol. 101:202-211). 

In a specific embodiment, plasmids encoding the different fusion protein 

10 populations can be introduced simultaneously into a single host cell (e.g., a haploid yeast 
cell) containing one or more reporter genes, by co-transfonnation, to conduct the assay for 
protein-protein interactions. Or, preferably, the two fusion protein populations are 
introduced into a single cell either by mating {e.g., for yeast cells) or cell fusions (eg., of 
mammalian cells). In a mating type assay, conjugation of haploid yeast cells of opposite 

1 5 mating type that have been transformed with a binding domain fusion expression construct 
(preferably a plasmid) and an activation (or inhibitor) domain fusion expression construct 
(preferably a plasmid), respectively, will deliver both constructs into the same diploid cell. 
The mating type of a yeast strain may be manipulated by transformation with the HO gene 
(Herskowitz and Jensen, 1991, Meth. Enzymol. 194:132-146). 

20 In a prefened embodiment, a yeast interaction mating assay is employed 

using two different types of host cells, strain-type a and alpha of the yeast Saccharomyces 
cerevisiac. The host cell preferably contains al least two reporter genes, each with one or 
more binding sites for the DNA-binding domain (e.g., of a transcriptional activator). The 
activator domain and DNA binding domain are each parts of chimeric proteins formed from 

25 the two respective populations of proteins. One strain of host cells, for example the a strain, 
contains fusions of the library of nucleotide sequences with the DNA-binding domain of a 
transcriptional activator, such as GAL4. The hybrid proteins expressed in this set of host 
cells are capable of recognizing the DNA-binding site in the promoter or enhancer region in 
the reporter gene construct. The second set of yeast host cells, for example, the alpha strain, 

30 contains nucleotide sequences encoding fusions of a library of DNA sequences fused to the 
activation domain of a transcriptional activator. 

In another embodiment, the fiision constructs are introduced directly into the 
yeast chromosome via homologous recombination. The homologous recombination for 
these purposes is mediated through yeast sequences that are not essential for vegetative 

35 growth of yeast, e.g., the MER2, MERl, ZPI, RBC102, or MEM gene. 
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Bacteriophage \ e;tors car. also be used to express the DNA binding domain 
and'or activation domain fosion proteins. Libraries can generally be prepared faster and 
more easily ftom bacteriophage vectors than from plasmid vectors. 

In a specific embodiment, the present invention provides a method of 
5 detecting one or more protein-protein interactions comprising (a) recombinaniiy expressing 
a novel ubiquitin Ugase component of the present invention or a derivative or analog thereof 
in a first population of yeast cells being of a first mating type and comprising a first fusion 
protein containing the sequence of a novel ubiquitin ligasc component of the present 
invention and a DNA binding domain, wherein said first population of yeast cells contains a 
1 0 first nucleotide sequence operably linked to a promoter driven by one or more DNA binding 
sites recognized by said DNA binding domain such that an interaction of said first fmion 
protein with a second fusion protein, said second fusion protein comprising a transcriptional 
activation domain, results in increased transcription of said first nucleotide sequence; (b) 
negatively selecting to eliminate those yeast cells in said fint population in which said 
1 5 increased transcription of said first nucleotide sequence occurs in the absence of said second 
fusion protein; (c) recombinantly expressing in a second population of yeast cells of a 
second mating type different from said first mating type, a plurality of said second fiision 
proteins, each second fusion protein comprising a sequence of a fragment, derivative or 
analog of a protein and an activation domain of a transcriptional activator, in which the 
20 activation domain is the same in each said second fusion ptotein; (d) maUng said first 
population of yeast cells with said second population of yeast cells to form a third 
population of diploid yeast cells, wherein said third population of diploid yeast cells 
contains a second nucleotide sequence operably linked to a promoter driven by a DNA 
binding site recognized by said DNA binding domain such that an interaction of a first 
25 fusion protein with a second fusion protein results in increased transcription of said second 
nucleotide sequence, in which the first and second nucleotide sequences can be the same or 
different; and (e) detecting said increased transcription of said first and/or second nucleotide 
sequence, thereby detecting an interaction between a first fiision protein and a second fusion 
protein, 

30 

5.4.2 ASSAYS TO IDENTIF\' F-BOX PROTELN INTERACTIONS WITH 
KNOWN PROTEINS INCLUDING POTENTIAL SUBSTRATES 

The cellular abundance of cell-cycle regulatoiy proteins, such as membeis of 
the cyclin family or the Cki inhibitory proteins, is regulated by the ubiquitin pathway. The 
35 enzymes responsible for the ubiquitination of mammalian cell cycle regulation arc act 
known. In yeast. SCF complexes represent the ubiquitin ligases for cell cycle regulators. 
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The F-box component of the ubiquilin ligase complexes, such as the novel F-box proteins 
of the invention, determines the specificity of the target of the ubiquitin ligase complex. 
The invention therefore provides assays to screen knowi molecules for specific binding to 
F-box protein nucleic acids, proteins, or derivatives under conditions conducive to binding, 

5 and then molecules that specifically bind to the FBP protein are identified. 

In a specific embodiment, the invention provides a method for studying the 
interaction between the F-box protein FBP 1 and the Cul 1 /Skp 1 complex, and its role in 
regulating the stability of p-catenin. Protein-protein interactions can be probed in vivo and 
in vitro using antibodies specific to these proteins, as described in detail in the experiments 

10 in Section 8. 

In another specific embodiment, the invention provides for a method for 
detecting the interaction between the F-box protein Skp2 and E2F- 1 , a transcription factor 
involved in cell cycle progression. Insect cells can be infected with baculovinises co- 
expressing Skp2 and E2F-1, and cell extracts can be prepared and analyzed for protein- 
1 5 protein interactions. As described in detail in Section 7, this assay has been used 

successfiilly to identify potential targets, such as E2F, for known F-box proteins, such as 
Skp2. This assay can be used to identify other Skp2 targets, as well as targets for novel F- 
box proteins. 

In another specific embodiment, methods for detecting the interaction 
20 between Skp2 and p27, a cell cycle regulated cyclin-dcpendent kinase (Cdk) inhibitor, are 
provided. The interaction between Skp2 and p27 may be targeted to identify modulators of 
Skp2 activity, including its interaction wdth cell cycle regulators, such as p27. The 
ubiquitination of Skp2 -specific substrates, such as p27 may be used as a means of 
measuring the ability of a test compound to modulate Skp2 activity. In another 
25 embodiment of the screening assays of tlie present invention, immunodcpletion assays, as 
described in Section 9, can be used to identify modulators of the Skp2/p27 interaction. In 
particular. Section 9 describes a method for detection of ubiquitination activity in vitro 
using p27 as a subsU-ate, which can also be used to identify modulators of the Skp2- 
dependent ubiquitination of p27. In another embodiment of the screening assays of the 
30 present invention, antisense oligonucleotides, as described in Section S.7.1, can be used as 
inhibitors of the Skp2 activity. Such identified modulators of p27 
ubiquitination/degradation and of the Skp2/p27 interaction can be useful in anti-cancer 
therapies. 

The invention further provides methods for screening ubiquitin ligase 
35 complexes having novel F-box proteins (or fiagments thereof) as one of their con^xments 
for ubiquitin ligase activity using known cell-cycle regulatory molecule as potential 
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substrates for ubiquitination. For example, cells engineered to express FBP nucleic acids 
can be used to recombinantly produce FBP proteins either wild-type or dominant negative 
mutants in ceils tbat also express a putative ubiquitin-ligase substrate molecule. Such 
candidates for substrates of the novel FBP of the present invention include, but are not 

5 limited to, such potentia! substrates as IKBa, P-catcnin, myc, E2F- 1 , p27, p2 1 , cyclin A, 
cyclin B, cycDl, cyclin E and p5?<. Then the extracts can be used to test the association of 
F-box proteins with their substrates, (by Western blot immunoassays) and whether the 
presence of the FBP increases or decreases the level of the potential substrates. 

1 0 5.5 ASSAYS FOR THE IDENTIFICATION OF COMPOUNDS THAT 
MODULATE THE ACTIVITY OF F-BOX PROTEINS 

The present invention relates to in vitro and in vivo assay systems described 
in the subsections below, which can be used to identify compounds or compositions that 
modulate the interaction of known FBPs with novel substrates and novel components of the 
1 5 ubiquitin iigase complex. The screening assays of the present invention may also be used to 
identify compounds or compositions that modulate the interaction of novel FBPs with their 
identified substrates and components of the ubiquitin ligase complex. 

Methods to screen potential agents for their ability to disrupt or moderate 
FBP expression and activity can be designed based on the Applicants' discovery of novel 
20 FBPs and their interaction with other components of the ubiquitin ligase complex as well as 
its known and potential substrates. For example, candidate compounds can be screened for 
their ability to modulate the interaction of an FBP and Siqp], or the specific interactions of 
Skp2 with E2F-1, Skp2 with p27, or the FBPl/Cull/Skpl complex with p-catenin. In 
principle, many methods known to those of skill in the art, can be readily adapted in 
25 designed the assays of the present invention. 

The screening assays of the present invention also encompass high- 
throughput screens and assays to identify modulators of FBP expression and activity. In 
accordance with this embodiment, the systems described below may be formulated into kits. 
To this end, cells expressing FBP and components of the ubiquitination ligase complex and 
30 the ubiquitination pathway, or cell lysates, thereof can be packaged in a variefy of 

containers, e.g., vials, tubes, microtitre well plates, bottles, and the like. Other reagents can 
be included m separate containers and provided with the kit; e.g. , positive control samples, 
negative control samples, buffers, cell culture media, etc. 

The invention provides screening methodologies useful in the identification 
35 of proteins and other compounds which bind to, or otlierwise directly interact vvitli, the FBP 
genes and their gene products. Screening methodologies are well known in the art (see e.g.. 
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PCT International Publication No, WO 96, 34099, published October 31, 1996, which is 
incorporated by reference herein in its entirety). The proteins and compounds include 
endogenous cellular components which interact with the identified genes and proteins in 
vivo and which, therefore, may provide new targets for pharmaceutical and thefi^>eutic 

5 intenxntions, as well as recombinant, synthetic, and otherwise exogenous compounds 
which may have binding capacity and, tfierefore, may be candidates for phannaceutical 
agents. Thus, in one scries of embodiments, cell Ij^tes or tissue homogenates may be 
screened for proteins or other compounds which bind to one of the normal or mutant FBP 
genes and FBP proteins. 

IQ Alternatively, any of a variety of exogenous compounds, both naturally 

occurring and/or synthetic (eg., libraries of small molecules or peptides), may be screened 
for binding capacity. All of these methods comprise the step of mixing an FBP protein or 
fragment with test compounds, allowing time for any binding to occur, and assaying for any 
boimd complexes. All such methods are enabled by the present disclosure of substantially 

1 5 pure FBP proteins, substantially pure fimctional domain fragments, fiision proteins, 
antibodies, and methods of making and using the same. 

5.5.1 ASSAYS FOR F-BOX PROTEIN AGONISTS AND ANTAGONISTS 

FBP nucleic acids, F-box proteins, and derivatives can be used in screening 
20 assays to detect molecules that specifically bind to FBP nucleic acids, proteins, or 

derivatives and thus have potential use as agonists or antagonists of FBPs, in particular, 
molecules that thus affect cell proUferation. In a preferred embodiment, such assays are 
performed to screen for molecules with potential utility as anti-cancer drugs or lead 
compounds for drug development. The invention thus provides assays to detect molecules 

25 that specifically bind to FBP nucleic acids, proteins, or derivatives. For example, 

recombinant cells expressing FBP nucleic acids can be used to recombinantly produce FBP 
proteins in these assays, to screen for molecules that bind to an FBP protein. Similar 
methods can be used to screen for molecules that bind to FBP derivatives or nucleic acids. 
Methods that can be used to carry out the foregoing are commonly iaiown in the art. The 

30 assays of the present invention may be first optimized on a small scale (i.e., in test tubes), 
and then scaled up for high-throughput assays. The screening assays of the present may be 
perfotmed in vitro, Le. in test tubes, using purified components or cell lysates. The 
screening assays of the present invention may also be carried out in intact cells in culture 
and in animal models. In accordance with the present invention, test compoimds which are 

35 show to modulate the activity of the FBP as described herein in vitro, will fiirthcr be 
assayed in vivo, including cultured cells and animal models to determine if the test 
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compound has the similar effects in vivo and to determine the effects of the test compound 
on cell cycle progrrasion, the accumulation or degradation of positive and negative 
regulators, cellular proliferation etc. 

In accordance with the present invention, screening assays may be designed 
5 to detect molecules which act as agonists or antagonists of the activity of the novel F-box 
proteins. In accordance with this aspect of the invention, the test compound may be added 
to an assay system to measure its effect on the activity of the novel FBP, i.e., ubiquitination 
of its substrates, interaction with other components of the ubiquitin ligase complex, etc. 
These assays should be conducted both in the presence and absence of the test compound. 
10 In accordance with the present invention, ubiquitination activity of a novel 

FBP in the presence or absence of a test compound can be measured in vitro using purified 
components of the ubiquitination pathway or may be measured using crude cellular extracts 
obtained from tissue culture cells or tissue samples. In another embodiment of the aspect of 
the present invention the screening may be performed by adding the test agent to in vitro 

1 5 translation systems such as a rabbit reticulocyte lysate (RRL) system and then proceeding 
with the established analysis. As another alternative, purified or partially purified 
components which have been determined to interact with one another by the methods 
described above can be placed under conditions in which the interaction between them 
would normally occur, with and without the addition of the test agent, and the procedures 

20 previously established to analyze die interaction can be used to assess the impact of the test 
agent. In this approach, the purified or partially purified components may be prepared by 
fractionation of extracts of cells expressing the components of the ubiquitin ligase complex 
and pathway, or they may be obtained by expression of cloned genes or cDNAs or 
fragments thereof, optionally followed by purification of the expressed material. 

25 Within the broad category of in vitro selection methods, several types of 

method are likely to be particularly convenient and/or useful for screening test agents. 
These include but are not limited to mediods which measure a binding interaction between 
two or more components of the ubiquitin ligase complex or interaction with the target 
substrate, methods which measure the activity of an enzyme which is one of the interacting 

30 components, and methods which measure the activity or expression of "reporter" protein, 
that is, an eniyme or other detectable or selectable protein, which has been placed under the 
control of one of the components. 

Binding interactions between two or more components can be measured in a 
variety of ways. One approach is to label one of the components with an easily detectable 

35 label, place it together with the other component(s) in conditions under which they would 
normally interact, perform a separation step which separates bound labeled component fiom 
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unbound labeled component, and then measure the amount of bound component. The effect 
of a test agent included in the binding reaction can be detennined by comparing the amount 
of labeled component which binds in the presence of this agait to the amount which binds 
in its absence. 

5 la another embodiment, screeiung can be carried out by contacting the 

library members with an FBP protein (or nucleic acid or derivative) immobilized on a solid 
phase and harvesting those library members that bind to the protein (or nucleic acid or 
derivative), Examples of such screening methods, termed "panning" techniques are 
described by way of example in Parmley & Smith, 1988, Gene 73:305-318; Fowlkes et al, 

10 1992, BioTechniques 13:422-427; PCT Publication No. WO 94/18318; and in references 
cited hereinabove. 

In another embodiment, the two-hybrid system for selecting interacting 
proteins or peptides in yeast (Fields & Song, 1989, Nature 340:245-246; Chien et al., 1991, 
Proc. Natl. Acad. Sci. USA 88:9578-9582) can be used to identify molecules that 

1 5 specifically bind to an FBP protein or derivative. 

Alternatively, test methods may rely on measurements of enzyme activity, 
such as ubiqiiitination of the target substrate. Once a substrate of a novel FBP is identified 
or a novel putative substrate of a known FBP is identified, such as the novel substrates of 
Skp2, E2F and p27, these components may be used in assays to determine the effect of a 

20 test compound on the ubiquitin ligase activity of the ubiquitin ligase complec. 

In one embodiment, the screening assays maybe conducted with a purified 
system in the presence and absence of test compound. Purified substrate is incubated 
together witli purified ubiquitin ligase complex, ubiquitin conjugating enzymes, ubiquitin 
activating enzjines and ubiquitin in the presence or in the absence of test compound. 

25 Ubiquitination of the substrate is analyzed by immunoassay (sec Pagano ct al., 1995, 
Science 269:682-685). Briefly, ubiquitination of the substrate can be performed in vitro in 
reactions containing 50-200ng of proteins in 50mM Tris pH 7.5, 5mM MgC12, 2mM 
ATPy-S, 0.1 mM DTT and 5nM of biotinylated ubiquitin. Total reactions (30(11) can be 
incubated at 25°C for up to 3 hours in the presence or absence of test compound and then 

30 loaded on an 8% SDS gel or a 4-20% gradient gel for analysis. The gels are run and 

proteins are electrophoretically transferred to nitrocellulose. Ubiquitination of the substrate 
can be detected by immunoblotting. Ubiquitinated substrates can be vistialized using 
Extravidin-HRP (Sigjma), or by using a substrate-specific antibody, and the ECL detection 
system (NEN). 

35 In another embodimoit, ubiquitination of the substrate may be assayed in 

intact cells in culture or in animal models in the presence and absence of the test compound. 
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For example, tlie test compound may be administered directly to an animal model or to 
crude extracts obtained from animal tissue samples to measure ubiquitination of the 
substrate in the presence and absence of the test compounds. For these assays, host cells to 
which the test compoimd is added may be genetically engineered to express the FBP 
5 components of the ubiquitin ligase pathway and the target substrate, the expression of 
which may be transient, induced or constitutive, or stable. For the purposes of the screening 
methods of the present invention, a wide variety of host cells may be used including, but not 
limited to, tissue culnire cells, mammalian cells, yeast cells, and bacteria. Each cell type 
has its own set of advantages and drawbacks. Mammalian cells such as primary cultures of 
1 0 human tissue cells may be a preferred ceU type in which to cany out Ae assays of the 
present invention, however these cell types are sometimes difficult to cultivate. Bacteria 
and yeast are relatively easy to cultivate but process proteins difTerenlly than mammahan 
cells. This ubiquitination assay may be conducted as follows: first, the extracts arc prepared 
from human or animal tissue. To prepare animal tissue samples preserving ubiquitinatmg 
15 enzymes, 1 g of tissue can be sectioned and homogenized at 1 5,000 r.p.m. with a 

Brinkmann Polytron homogenizer (PT 3000, Westbury, NY) in 1 ml of ice-cold double- 
distilled water. The sample is frozen and thawed 3 times. The lysate is ^un dovraat 
1 5,000 r.p.m. in a Beckman JA-20. 1 rotor (Beckman Instruments, Palo Alto, CA) for 45 
minat4°C. The supernatant is retrieved and frozen at -80»C. This method of preparation of 
20 total extract preserves ubiquitinating enzymes (Lodaet al. 1997, Nature Medicuie 3:231- 
234, incorporated by reference herein in its entirety). 

Purified recombinant substrate is added to the assay system and incubated at 
370C for different times in 30 ^1 of ubiquitination mix containing 100 ng of protein tissue 
homogenates, 50 mM Tris-HCl (pH 8.0), 5 mM MgC12, and 1 mM DTT, 2 mM ATP, 10 
25 mM creatine phosphokinase, 10 mM creatine phosphate and 5 jiM biotinylated ubiquitin. 
The substrate is then re-purified with antibodies or afGnity chromatography. Ubiquitination 
of the substrate is measured by immunoassays with either antibodies specific to the 
substrates or with Extravidin-HRP. 

In addition, Drosophila can be used as a model system in order to detect 
30 genes that plienotjpically interact with FBP. For example, overexpression ofFBP m 
Drosophila eye leads to a smaUer and rougher eye. Mutagenesis of the fly genome can be 
performed, followed by selecting flies in which the mutagenesis has resulted in suppression 
or enhancement of the small rough eye phenotype; the mutated genes in such flies are likely 
to encode proteins that mte^act^ind with FBP. Active compounds identified with methods 
35 described above will be tested in cultured cells and/or anim^ models to test the effect of 
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blocking in vivo FBP activity (e.g. efftets on cell proliferation, accumulation of substrates, 
etc.). 

In various other embodiments, screening the can be accomplished by one of 
many commonly known methods. See, e.g., the following references, which disclose 

5 screening of peptide libraries: Paimley & Smith, 1989, Adv. Exp. Med. Biol. 25 1 :2 1 5-2 1 8; 
Scott & Smith, 1990, Science 249:386-390; Fowlkes et al., 1992; BioTechniques 13:422- 
427; Oldenburg et al., 1992, Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu et al., 1994, Cell 
76:933-945; Staudt et al., 1988, Science 241:577-580; Bock et al., 1992, Nature 355:564- 
566; Tuerk et al.. 1992, Proc. Natl. Acad. Sci. USA 89:6988-6992; Ellington et al., 1992, 

10 Nature 355:850-852; U.S. Patent No. 5,096,815, U.S. Patent No. 5,223,409. and U.S. 
Patent No. 5,198,346, all to Ladner et al.; Rebar & Pabc, 1993, Science 263:671-673; and 
PCT Publication No. WO 94/183 18, 

Compounds, peptides, and small molecules can be used in screening assays 
to identify candidate agonists and antagonists. In one embodiment, peptide libraries may be 

1 5 used to screen for agonists or antagonists of the FBP of the present invention diversity 
libraries, such as random or combinatorial peptide or non-peptide libraries can be screened 
for molecules that specifically bind to FBP. Many libraries arc known in the ait that can be 
used, e.g., chemically synthesized libraries, recombinant (e.g., phage display libraries), and 
in vitro translation-based libraries. 

20 Examples of chemically synthesized libraries are described in Fodor et al., 

1991, Science 251:767-773; Houghten et al., 1991, Nature 354:84-86; Lam et al., 1991, 
Nature 354:82-84; Medynski, 1994, Bio/Technology 12:709-710; Gallop et al. 1994, J. 
Medicinal Chemistry 37(9):1233-1251; Ohlmeyer et al., 1993, Proc. Natl. Acad. Sci. USA 
90:10922-10926; Erb et al, 1994, Proc. Natl. Acad. Sci. USA 91:1 1422-1 1426; Houghten 

25 et al., 1992, Biotechniques 13:412; Jayawickreme et a!., 1994, Proc. Nat!. Acad. Sci. USA 
91:1614-1618; Salmon et al., 1993, Proc. Natl. Acad. Sci. USA 90:1 1708-1 1712; PCT 
Publication No. WO 93/20242; and Brenner and Lemer, 1992, Proc. Natl. Acad. Sci. USA 
89:5381-5383. 

Examples of phage display libraries are described in Scott & Smith, 1990, 
30 Science 249:386-390; Devlin et al, 1990, Science, 249:404-406; Christian, et al., 1992, J. 
Mol. Biol. 227:71 1-718; Lensfra, 1992, J. Immunol. Meth. 152:149-157; Kay et al, 1993, 

Gene 128:59-65; and PCT Publication No, WO 94/18318 dated August 18, 1994. 

In vitro translation-based libraries include but are not limited to those 
described in PCT Publication No. WO 91/05058 dated April 18, 1991; and Mattheakis et 
35 al„ 1994, Proc. Natl. Acad. Sci. USA 91 :9022-9026. 
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By way of examples of non-peptide iibraries, a beazodiazepice library (see 
e.g., Bimin ct al., 1994, Proc. Nail. Acad. Sci. USA 91 :4708-4712) can be adapted for use. 
Peptoid libraries (Simon et al., 1992. Proc. Natl. Acad. Sci. USA 89:9367-9371) can also be 
used. Another example of a library that can be used, in which the amide functionalities in 
) peptides have been pcrmethylated to generate a chemically transformed combinatorial 
library, is described by Ostresh et al. (1994, Proc. Natl. Acad. Sci. USA 91:1 1 138-1 1 142). 

SS.2 ASSAYS FOR THE roENTTFlCATION OF COMPOUNDS THAT 

MODULATE THE INTERACTION OF F-box PROTEINS WITH OTHER 
PROTEINS 

0 

Once a substrate or interacting protein is identified, as described in detail in 
Section 5.4, then one can assay for modulators of the F-box protein interaction with such a 
protein. The present invention provides for methods of detecting agonists and antagonists 
of such interactions. 

J In one embodiment, the invention encompasses methods to identify 

modulators, such as inhibitors or agonists, of the interaction berween the F-box protein 
Skp2 and E2F-1, identified in Section 7 and Figure 10. Such methods comprise both in 
vivo and in vitro assays for modulator activity. For example, in an in vivo assay, insect 
cells can be co-infcctcd with baouloviruses co-expressing Skp2 and E2F-1 as well as 

^ potential modulators of the Skp2/E2F-1 interaction. The screening methods of the present 
invention encompass in vitro assays which measure the ability of a test compound to inhibit 
the enzyniatic activity of Skp2 as described above in Section 5.5.1 . Cell extracts can be 
prepared and analyzed for protem-protein interactions by gel electrophoresis and detected 
by immunoblotting, as described in detail in Section 7 and presented in Figure 10. 

J Alternatively, an in vitro protein-protein interaction assay can be used. Recombinant 
purified Siq)2, E2F-1 , and putative agonist or antagonist molecules can be incubated 
together, under conditions that allow binding to occur, such as 37 C for 30 minutes. 
Protein-protein complex formation can be detected by gel analysis, such as those described 
herein in Section 7. This assay can be used to identify modulators of interactions of known 

J FBP, such as Skp2 with novel substrates. 

In another embodiment, the invention provides for a method for 
identification of modulators of F-box protein/Skpl interaction. Such agonist and 
antagonists can be identified in vivo or in vitro. For example, in an in wtro assay to identify 
modulators of F-box protein/Skpl interactions, purified Skpl and the novel FBP can be 

. incubated together, under conditions that allow binding occur, such as 37C for 30 minutes. 
In a parallel reaction, a potential agonist or antagonist, as described above in Section 5.5.1, 
is added either before or during the box protcin/Slqtl incubation. Protein-protein 
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interactions can be detected by gel analysis, such as those described herein in Section 7. 
Modulators of FBP activities and interactions with other proteins can be used as 
therapeutics using the methods described herein, in Section 5.7. 

These assays may be carried out utilizing any of the screening methods 

5 described herein, including the following in vitro assay. The screening can be performed by 
adding the test agent to intact cells which express components of the ubiquitin pathway, and 
then examining the component of interest by whatever procedure has been established. 
Alternatively, the screening can be performed by adding tlie test agent to in vilro translation 
reactions and then proceeding with the established arialysis. As another alternative, purified 

10 or partially purified components which have been determined to interact with one another 
by the methods described above can be placed under conditions in which the interaction 
between them would normally occur, with and without the addition of the test agent, and the 
procedures previously established to analyze the interaction can be used to assess the impact 
of the test agent. In this ^proach, the purified or partially purified components may be 

1 5 prepared by fractionation of extracts of cells expressing the components of the ubiquitm 
ligase complex and pathway, or they may be obtained by expression of cloned genes or 
cDNAs or fragments thereof, optionally followed by purification of the expressed material. 

Within the broad category of in vitro selection methods, several types of 
method are likely to be particularly convenient and/or useful for screening test agents. 

20 These include but are not limited to methods which measure a binding interaction betnxen 
two or more components of the ubiquitin ligase complex or interaction with the target 
substrate, methods which measure the activity of an exayme which is one of the interacting 
components, and methods which measure the activity or expression of "reporter" protein, 
that is, an enzyme or other delectable or selectable protein, which has been placed under the 

25 control of one of the components. 

Binding interactions between two or more components can be measured in a 
variety of ways. One approach is to label one of the components with an easily detectable 
label, place it together with the other component(s) in conditions under which they would 
normally interact, perform a separation step which separates bound labeled component from 
30 unbound labeled component, and then measure the amount of bound component. The effect 
of a test agent included in the binding reaction can be determined by comparing the amount 
of labeled component which binds in the presence of this agent to tlie amount which binds 
in its absence. 

The separation step in this type of procedure can be accomplished in various 
35 ways. In one approach, (one of) the binding partner(s) for the labeled component can be 
immobilized on a solid phase prior to the binding reaction, and unbound labeled component 
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can be removed after the binding reaction by washing the solid phase. Attachment of the 
binding partner to the solid phase can be accomplished in various ways known to those 
skilled in the art, including but not limited to chanical cross-linking, non-specific adhraion 
to a plastic surface, interaction with an antibody attached to the solid phase, interaction 

5 between a ligand attached to the binding partner (such as biotin) and a ligand-binding 
protein (such as avidin or streptavidin) attached to the solid phase, and so on. 

Alternatively, the separation step can be accomplished after the labeled 
component had been allowed to interact with its binding partner(s) in solution. If the size 
differences between the labeled component and its binding partners) pennit such a 

1 0 separation, the separation can be achieved by passing the products of the binding reaction 
through an ulttafilter whose pores allow passage of unbound labeled component but not of 
its binding partner(s) or of labeled component bound to its partner(s). Sq>aiation can also 
be achieved using any reagent capable of captunng a binding partner of the labeled 
component from solution, such as an antibody against the binding partner, a ligand-binding 

1 5 protein which can interact with a ligand previously attached to the bindujg partner, and so 



5.6 METHODS AND COMPOSITIONS FOR DIAGNOSTIC USE OF F-BOX 
PROTEINS, DERIVATIVES, AND MODULATORS 

20 Cell cycle regulators are the products of oncogenes (cyclins, P-catenin, etc.), 

or tumor suppressor genes (ckis, p53, etc.) The FBPs. part of ubiquitin ligase coim>lexes, 
might therefore be products of oncogenes or tumor suppressor genes, depending on which 
cell cycle regulatory proteins for which they regulate cellular abundance. 

FBP proteins, analogues, derivatives, and subsequences thereof, FBP nucleic 

25 acids (and sequences complementary thereto), anti-FBP antibodies, have uses in 

diagnostics. The FBP and FBP nucleic acids can be used in assays to detect, prognose, or 
diagnose proliferative or differentiative disorders, including tumorigencsis, carcinomas, 
adenomas etc. The novel FBP nucleic acids of the present invention are located at 
chromosome sites associated with karyotypic abnormalities and loss of heterozygosity. The 

30 FBPl nucleic acid cf the present invention is mapped and localized to chromosome position 
10q24, the loss of which has been demonstrated in 10 % of human prostate tumors and 
small cell lung carcinomas (SCLC), suggesting the presence of a tumor supjKessor gene at 
this location. In addition, up to 7% of childhood acute T-cell leukemia is accompanied by a 
translocation involving 10q24 as a breakpoint, either t(l 0; 1 4)(q24;q 11) or t(7; 1 0)(q35 ;q24). 

35 9q34 region (where FBP2 is located) has been shown to be a site of loss of heterozygosity 
(LOH) in human ovarian and bladder caicers. The FBP2 nucleic acid of the present 
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invention is m^ped and localized to chromosome position 9q34 which has been shown to 
be a site of loss of heterozygosity (LOH) in human ovarian and bladder cancers. The FBP3 
nucleic acid of the present invention is mapped and localized to chromosome position 
1 3q22, a region known to contain a putative tumor suppressor gene with loss of 

5 heterozygosity in approx. 75 % of human SCLC. The FBP4 nucleic acid of the present 
invention is mapped and localized to chromosome position 5pl2, a region shown to be a 
site of karyotypic abnormalities in a variety of tumors, including human breast cancer and 
nasopharyngeal carcinomas. The FBP5 nucleic acid of the present invention is m^ped and 
localized to chromosome position 6q25-26, a region shown to be a site of loss of 

10 heterozygosity in human ovarian, breast and gastric cancers hepatocarcinomas, Burkitt's 
lymphomas, gliomas, and panith>Toid adenomas. The FBP7 nucleic acid of tlie present 
invention is mapped and localized to chromosome position 15ql5 a region which contains a 
tumor suppressor gene associated with progression to a metastatic stage in breast and colon 
cancers and a loss of heterozygosity in parathyroid adenomas. 

1 5 The molecules of the present invention can be used in assays, such as 

immunoassays, to detect, prognose, diagnose, or monitor various conditions, diseases, and 
disorders affecting FBP expression, or monitor the treatment thereof In particular, such an 
immunoassay is carried out by a method comprising contacting a sample derived from a 
patient with an anti-PBP antibody under conditions such that immunospecific binding can 

20 occur, and detecting or measuring the amount of any immunospecific binding by flie 
antibody. In a specific aspect, such binding of antibody, in tissue sections, can be used to 
detect aberrant FBP localization or aberrant (e.g., low or absent) levels of FBP. In a 
specific embodiment, antibody to FBP can be used to assay a patient tissue or serum sample 
for the presence of FBP where an aberrant level of FBP is an indication of a diseased 

25 condition. By "aberrant levels," is meant increased or decreased levels relative to that 
present, or a standard level representing that present, in an analogous sample from a portion 
of the body or from a subject not having the disorder. 

The immunoassays which can be used include but are not limited to 
competitive and non-competitive assay systems using techniques such as western blots, 

30 immunohisio-chemistry radioimmunoassays, ELISA (enzyme linked immunosorbent 
assay), "sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel 
diffusion precipitin re^tions, immunodiffiision assays, agglutination assays, complement- 
fixation assays, immunoradiometric assays, fluorescent nnmunoassays, protein A 
immunoassays, to name but a few. 

35 FBP genes and related nucleic acid sequences and subsequences, including 

complementary sequences, can also be used in hybridization assajre. FBP nucleic acid 
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sequences, or subsequences thereof comprising about at least 8 nucleotides, can be used as 
hj'bridization probes. Hybridization assays can be used to detect, prognose, di^ose. or 
monitor conditions, disorders, or disease states associated with abeirant changes in FBP 
expression and/or activity as described supra. In particular, such a hybridization assay is 
5 canicd out by a method comprising contacting a sample containing nucleic acid with a 
nucleic acid probe capable of hybridizing to FBP DNA or RK'A. under conditions such that 
hybridization can occur, and detecting or measuring any resulting hybridization. 

In specific embodiments, diseases and disorders involving overprolifetation 
of cells can be diagnosed, or their suspected presence can be screened for, or a 
10 predisposition to develop such disorders can be detected, by detecting decreased levels of 
FBP protein, FBP RNA, or FBP functional activity (e.g., ubiquitin ligase target binding 
activity, F-box domain binding activity, ubiquitin ligase activity etc.), or by detecting 
mutations in FBP RNA, DNA or FBP protein (e.g., translocations in FBP nucleic acids, 
truncations in the FBP gene or protein, changes in nucleotide or amino acid sequence 
15 relative to wild-type FBP) that cause decreased expression or activity of FBP. Such 
diseases and disorders include but are not limited to those described in Section 5.7.3. By 
way of example, levels of FBP protein can be detected by immunoassay, levels of FBP 
RNA can be detected by hybridization assays (e.g.. Northern blots, in situ-hybridization), 
FBP activity can be assayed by measuring ubiquitin ligase activity in E3 ubiquitin Kgase' 
20 complexes formed in vivo or in vitro, F-box domain binding activity can be assayed by 
measuring binding to Skpl protein by binding assays commonly known in the art, 
translocations, deletions and point mutations in FBP nucleic acids can be detected by 
Southern blotting, FISH, RFLP analysis, SSCP. PGR using primers that preferably generate 
a fragment spanning at least most of the FBP gene, sequencing of FBP genomic DNA or 
25 cDNA obtained from the patient, etc. 

In a preferred embodiment, levels of FBP mRNA or protein in a patient 
sample are detected or measured, in which decreased levels indicate that the subj ect has, or 
has a predisposition to developing, a malignancy or hypeipix)liferative disorder; in which 
the decreased levels are relative to the levels presem in an analogous sample fiom a portion 
30 of the body or from a subject not having the malignancy or hyperproliferative disorder, as 
the case may be. 

In another specific embodiment, diseases and disotdera involving a 
deficiency in cell proliferation or in which cell ptolifei^tion is desirable for treatment, are 
diagnosed, or their suspected presence can be screened for, or a predisposition to develop 
35 such disorders can be detected, by detecting increased levels of FBP protein, FBP RNA, or 
FBP functional activity (e.^., ubiquitin ligase activity, Skpl binding activity, etc.). or by 
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detecting mutations in FBP RNA, DNA or protein {e.g., translocations in FBP nucleic acids, 
truncations in the gene or protein, changes in nucleotide or amino acid sequence relative to 
wild-type FBP) that cause increased expression or activity of FBP. Such diseases and 
disorders include but are not limited to those described in Section 5.7.3. By way of 
5 example, levels of FBP protein, levels of FBP RNA, ubiquitin ligase activity, FBP binding 
activity, and the presence of translocations or point mutations can be determined as 
described above. 

In a specific embodiment, levels of FBP mRNA or protein in a patient 
sample are detected or measured, in which increased levels indicate that the subject has, or 

10 has a predisposition to developing, a growth deficiency or degenerative or hypoproliferative 
disorder; in which the increased levels are relative to the levels present in an analogous 
sample from a portion of the body or from a subject not having the growth deficiency, 
degenerative, or hypoproliferative disorder, as the case may be. 

Kits for diagnostic use are also provided, that comprise in one or more 

1 5 containers an anti-FBP antibody, and, optionally, a labeled binding partner to the antibody. 
Altematively, the anti-FBP antibody can be labeled (with a detectable marker, e.g., a 
chemiluminescent, enzymatic, fluorescent, or radioactive moiety). A kit is also provided 
that comprises in one or more containers a nucleic acid probe capable of hybridizing to FBP 
RNA. In a specific embodiment, a kit can comprise in one or more containers a pair of 

20 primers (e.g., each in the size range of 6-30 nucleotides) that are capable of priming 
amplification [e.g., by polymerase chain reaction (see e.g., Innis et al., 1990, PGR 
Protocols, Academic Press, Inc., San Diego, CA), ligase chain reaction (see EP 320,308) 
use of Q replicase, cyclic probe reaction, or other methods known in the art] under 
appropriate reaction condhions of at least a portion of a FBP nucleic acid. A kit can 

25 optionally further comprise in a container a predetermined amount of a purified FBP protein 
or nucleic acid, e.g., for use as a standard or control. 



5.7 METHODS AND COMPOSITIONS FOR THERAPEUTIC USE OF F-box 
PROTEINS, DERIVATIVES, AND MODULATORS 

30 Described below are methods and compositions for the use of F-box proteins 

in the treatment of proliferative disorders and oncogenic disease symptoms maybe 
ameliorated by compounds that activate or enhance FBP activity, and whereby proUferative 
disorders and cancer may be ameliorated. 

In certain instances, compounds and methods that mcrease or enhance the 

35 activity of an FBP can be used to treat proliferative and oncogenic disease symptoms. Such 
a case may involve, for example, a proliferative disorder that is brought about, at least in 
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part, by a reduced level of FBP gene expression, or an aberrant level of anFBP gene 
product's activity. For example, decreased activity or under-expression of an FBP 
component of a ubiquitin ligase complex whose substrate is a positive cell-cycle regulator, 
such as a member of the Cyclin femily, will result in increased cell prolifwation. As such, 
5 an increase in the level of gene expression and/or the activity of such FBP gene products 
would bring about the amelioration of proliferative disease symptoms. 

In another instance, compounds that increase or enhance the activity of an 
FBP can be used to treat proliferative and oncogenic disease symptoms resulting fixMn 
defects in the expression or activity of other genes and gene products involved in cell cycle 
1 0 control, such as FBP substrate molwules. For example, an increase in the expression or 
activity of a positive cell-cycle positive molecule, such as a member of the Cyclin family, 
may result in its over-activity and thereby lead to increased cell proliferation. Compounds 
that increase the expression or activity of the FBP component of a ubiquitin ligase complex 
whose substrate is such a cell-cycle positive regulator will lead to ubiquitination of the 

15 defective molecule, and thereby result in an increase in its degradation. Disease symptoms 
resulting from such a defect may be ameliorated by compounds that compensate the 
disorder by increased FBP activity. Techniques for increasing FBP gene expression levels 
or gene product activity levels are discussed in Section 5.7, below. 

Alternatively, compounds and methods that reduce or mactivate FBP activity 

20 may be used therapeutically to ameliorate proliferative and oncogenic disease symptoms. 
For example, a proliferative disorder may be caused, at least in part, by a defective FBP 
gene or gene product that leads to its overactivity. Where such a defective gene product is a 
component of a ubiquitin ligase complex whose target is a cell-cycle inhibitor molecule, 
such as a Cki , an overactive FBP will lead to a decrease in the level of cell-cycle molecule 

25 and therefore an increase in cell proliferation. In such an instance, compounds and methods 
that reduce or inactivate FBP function may be used to treat the disease symptoms. 

In another instance, compounds and methods that reduce the activity of an 
FBP can be used to treat disorders resulting from defects in the expression or activity of 
other genes and gene products involved in cell cycle control, such as FBP substrate 

30 molecules. For example, a defect in the expression or activity of a cell-cycle negative 
regulatory molecule, such as a Cki, may lead to its under-activity and thereby result in 
increased cell proliferation. Reduction in the level and/or activity of an FBP component 
whose substrate was such molecule would decrease the ubiquitination and thereby increase 
the level of such a defective molecule. Therefore, compounds and methods aimed at 

35 reducing the expression and/or activity of such FBP molecules could thereby be used in the 
treatment of disease symptoms by compensating for the defective gene or gene product. 
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Techniques for the reduction of target gene expression levels or targ^ gene 
product activity levels arc discussed in Section 5.7 below. 

5.7. 1 THERAPEUTIC USE OF INHIBITORY ANTISENSE, RIBOZYlVfE AND 
TRIPLE HELIX MOLECULES AND IDENTIFIED AGONISTS AND 
ANTAGONISTS 

In another embodiment, symptoms of certain FBP disorders, such as such as 
proliferative or differentiative disorders causing tumorigenesis or cancer, may be 
ameliorated by decreasing the level of FBP gene expression and/or FBP gene product 

^ activity by using FBP gene sequences in conjunction with well-known antisense, gene 
"knock-out" ribozyme and/or triple helix methods to decrease the level of FBP gene 
expression. Among the compounds that may exhibit the ability to modulate the activity, 
expression or synthesis of the FBP gene, including the ability to ameliorate the symptoms 
of an FBP disorder, such as cancer, are antisense, ribozyme, and triple helix molecules. 

. Such molecules may be designed to reduce or inhibit either iraimpaired, or if appropriate, 
mutant target gene activity. Techniques for the production and use of such molecules are 
well known to those of skill in the art. For example, antisense targetmg SKP2 mKNA 
stabilize the Skp2-substrate p27, as described in Section X (Figure X), 

Antisense RNA and DNA molecules act lo directly block the translation of 

J mRNA by hybridizing to targeted niRNA and preventing protein translation. Antisense 
approaches involve the design of oligonucleotides that are complementary to a target gene 
mRNA. The antisense oligonucleotides will bind to the complementary target gene mRNA 
transcripts and prevent translation. Absolute complementarity, although preferred, is not 



J A sequence "complementary" to a portion of an RNA, as referred to herein, 

means a sequence having sufficient complementarity to be able to hybrdize with the RNA, 
forming a stable duplex; in the case of doublo-stranded antisense nucleic acids, a single 
strand of the duplex DNA may thus be tested, or triplex formation may be assayed. The 
ability to hybridize will depend on both the degree of complementarity and the length of the 

J antisense nucleic acid. Generally, the longer the hybridizing nucleic acid, the more base 
mismatches with an RNA it may contain and still form a stable duplex (or triplex, as the 
case may be). One skilled in the art can ascertain a tolerable degree of mismatch by use of 
standard procedures to determine the melting point of the hybridized complex, 

In one embodiment, oligonucleotides complemaitary to non-coding regions 

. of the FBP gene could be us^ in an antiset«e approach to uihibit translation of endogenous 
FBP mRNA. Antisense nucleic acids should be at least six nucleotides in length, and are 
preferably oligonucleotides ranging from 6 to about 50 nuclwjtides in length. In specific 
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aspects the oligonucleotide is at least 10 nucleotides, at least 17 nucleotides, at least 25 
nucleotides or at least 50 nucleotides. 

In an embodiment of the present invention, oligonucleotides complementary 
to the nucleic acids encoding the F-box motif as indicated in Figures 2 and 4-9. 
5 Regardless of the choice of target sequence, it is preferred that in vitro 

studies are first performed to quantitate the ability of the antisense oligonucleotide to inhibit 
gene expression. It is preferred that these studies utihze controls that distinguish between 
antisense gene inhibition and nonspecific biological effects of oligonucleotides, ft is also 
preferred that these studies compare levels of the target RNA or protein with that of an 
1 0 internal control RNA or protein. Additionally, it is envisioned that results obtained using 
the antisense oligonucleotide are compared with those obtained using a control 
oligonucleotide. It is preferred that the control oligonucleotide is of approximately the 
same length as the test oligonucleotide and that the nucleotide sequence of the 
oligonucleotide differs from the antisense sequence no more than is necessary to prevent 
1 5 specific hybridization to the target sequence. 

The oligonucleotides can be DNA or RNA or chimeric mixtmes or 
derivatives or modified versions thereof, single-stranded or double-stranded. The 
oligonucleotide can be modified at the base moiety, sugar moiety, or phosphate backbone, 
for example, to improve stability of the molecule, hybridization, etc. The oligonucleotide 
20 may include other upended groups such as peptides (e.g., for targeting host cell receptors 
in vivo), or agents facilitating transport across the cell membrane (see, eg. , I.ctsinger, at al., 
1989, Proc. Natl. Acad, Sci. U.S.A. 86, 6553-6556; Lemaitre, et al., 1987, Proc. Natl. Acad. 
Sci. 84, 648-652; PCT Publication No. WO88/09810, published December 15. 1988) or the 
blood-brain barrier (see, e.g., PCT Publication No. WO89/10134, published April 25, 
25 1988), hybridization-triggered cleavage agents (see, e.g., JCrol et al., 1988, BioTechniques 
6, 958-976) or inlercalaling agents (see, e.g., Zon, 1988, Pharm. Res. 5, 539-549). To this 
end, the oligonucleotide may be conjugated to another molecule, e.g., a peptide, 
hybridization triggered cross-linking agent, transport agent, hybridization-triggered 
cleavage agent, etc. 

30 The antisense oligonucleotide may comprise at least one modified base 

moiety which is selected from the group including but not limited to 5-fluorouracil, 5- 
bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine. 5- 
(carboxyhydroxytoiethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6- 

35 isopentenyladenine, 1 -methylguaninc, 1-methylinosine, 2,2-dimethyIguanine, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7- 
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methylguanine, 5-methylaminomethyluracil, 5-mcthoxyaminomethyl-2-thiouracil, beta-D- 
maraiosylqueosine, 5 -methoxycarboxjinethyluracil, 5-methoxyuracil, 2-methyltliio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2- 
thiocjlosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- 
5 oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino- 
3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 

The antisense oligonucleotide may also comprise at least one modified sugar 
moiety selected fix)ni the group including but not limited to arabinose, 2-fluoroarabinose, 
xylulose, and hexose. 

1 0 In yet another embodiment, the antisense oligonucleotide comprises at least 

one modified phosphate backbone selected from the group consisting of a phosphorothioate 
(S-ODNs), a phosphorodithioate, a phosphoraniidothioatc, a phosphoramidate, a 
phosphordiamidatc, a mcthylphosphonate, an alkyl phosphotriester, and a formacetal or 
analog thereof. 

15 In yet another embodiment, the antisense oligonucleotide is an -anomeric 

oligonucleotide. An -anomeric oligonucleotide forms specific double-stranded hybrids 
witli complementary RNA in which, contrary lo the usual -imits, the strands run parallel to 
each other (Gautier, et al., 1987, Nucl. Acids Res. 15,6625-6641). The oligonucleotide is a 
2 -0-methylribonucleotidc (Inouc, ct al., 1987, Nucl. Acids Res. 15, 6131-6148). or a 

20 chimeric RNA-DNA analogue (Inoue, et al., 1987, FEBS Lett. 215, 327-330). 

Oligonucleotides of the invention may be synthesized by standard methods 
known in the art, e.g. by use of an automated DNA synthesizer (such as arc conuncrcially 
available from Biosearch, Applied Biosystems, etc.). As examples, phosphorothioate 
oligonucleotides may be sjTithesized by the method of Stein, et al. (1988, Nucl. Acids Res. 

25 16, 3209), mcthylphosphonate oligonucleotides can be prepared by use of controlled pore 
glass polymer supports (Sarin, et al, 1988, Proc. Natl, Acad. Sci. U.S.A. 85, 7448-7451), 

While antisense nucleotides complanentaiy to the target gene coding region 
sequence could be used, those complementaiy to the transcribed, untranslated region are 
30 most preferred. 

In one embodiment of the present invention, gene expression downregulation 
is achieved because specific target mRNAs are digested by RNAse II afler they have 
hybridized with the antisense phosphorothioate oligonucleotides (S-ODNs). Since r.o mles 
exist to predict which antisense S-ODNs will be more successful, the best strategy is 
35 completely empirical and consists oftrying several antisense S-ODNs. Antisense 

phosphorothioate oligonucleotides (S-ODNs) will be designed to target specific regions of 
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mRNAs of interest. Control S-ODNs consisting of scrambled sequences of the antisense S- 
ODNs will also be designed to assure Identical nucleotide content and minimize diffeiBnces 
potentially attributable to nucleic acid contoit. All S-ODNs will be S3mthesized by Oligos 
Etc. (Wilsonville, OR). In order to test the effectiveness of the antisense molecute when 
5 applied to cells in culture, such as assays for research purposes or ex vivo gene therapy 
protocols, cells will be grown to 60-80% confluence on 100 nun tissue culture plates, rinsed 
with PBS and overlaid with lipofection mix consisting of 8 ml Opti-MEM, 52.8 1 
Lipofcctin, and a final concentration of 200 nM S-ODNs. Lipofections will be carried out 
using Lipofcctin Reagent and Opti-MEM (Gibco BRL). Cells will be incubated in the 
10 presence of the lipofection mix for 5 hours. Following incubation the medium will be 
replaced with complete DMEM. Cells will be harvested at difTerent time pointe post- 
lipofection and protein levels will be analyzed by Western blot. 

Antisense molecules should be targeted to cells that express the target gene, 
either directly to the subject in vivo or lo cells in culiure, such as in ex vivo gene therapy 
1 5 protocols. A number of methods have been developed for delivering antisense DNA or 
RNA to cells; e.g., antisense molecules can be injected directly into the tissue site, or 
modified antisense molecules, designed to target the desired cells ie.g., antisense linked to 
peptides or antibodies that specifically bind receptors or antigens expressed on the target 
cell surface) can be admmistered systemically. 
20 However, it is often diflicull to achieve intracellular concentrations of the 

antisense sufficient to suppress translation of endogenous mRNAs. Therefore a prefeired 
approach utilizes a recombinant DNA construct in which the antisense oligonucleotide is 
placed under the control of a strong pol IH or pel II promoter. The use of such a construct 
to transfect target cells in the patient will result in the transcription of sufficieait amounts of 
25 single stranded RNAs that will form complementary base pairs with the endogenous target 
gene transcripts and thereby prevent trdnslation of the target gene mKNA. For example, a 
vector can be introduced e.g., such that it is taken up by a cell and directs the transcription 
of an antisense RNA. Such a vector can remain episomal or become chromosomally 
integrated, as long as it can be transcribed lo produce the desired antisense RNA. Such 
30 vectors can be constructed by recombinant DNA technology methods standard in the art. 
Vectors can be plasmid, viral, or others known in the art, used for replication and expression 
in mammalian ceUs. Expression of the sequence encoding the antisense RNA can be by any 
promoter known in the art to act in mammalian, preferably human cells. Such promoters 
can be inducible or constimtive. Such promoters include but are not limited to; the SV40 
35 early promoter region (Bemoist and Chambon, 1981, Nature 290, 304-3 1 0), the promoter 
contained in the 3 long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 1 980, 
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Cell 22, 787-797), the herpes thymidine kinase promoter (Wagner, et al., 1981, Proc. Natl. 
Acad. Sci. U.S.A. 78, 1441-1445), the regulatory sequences of the metallothionein gene 
(BriniJter, et al,, 19S2, Nature 296. 39-42), etc. Any type of plasmid, cosmid, YAC or viral 
vector can be used to prepare the recombinant DNA construct which can be introduced 
5 directly into the tissue site. Alternatively, viral vectors can be used that selectively infect 
the desired tissue, in which case administration may be accomplished by another route {e.g. , 
systemically). 

Ribozyme molecules designed to catalytically cleave target gene mRNA 
transcripts can also be used to prevent translation of target gene mRNA and, therefore, 
10 expression of target gene product (see, e.g., PCX International Publication WO90/1 1364, 
published October 4, 1990; Sarver, ct al., 1990, Science 247, 1222-1225). In an 
embodiment of the present invention, oligonucleotides which hybridize to the FBP gene are 
designed to be complementary to the nucleic acids encoding the F-box motif as indicated in 
Figures 2 and 4-9. 

1 5 Ribozymes are enzymatic RNA molecules capable of catalyzing the specific 

cleavage of RNA. (For a review, see Rossi, 1994, Current Biology 4, 469-471). The 
mechanism of ribozyme action involves sequence specific hybridization of the ribozyme 
molecule to complementary target RNA, followed by an endonucleolytic cleavage event. 
The composition of ribozyme molecules must include one or more sequences 

20 complementary to the target gene mltNA, and must include the well known catalytic 
sequence responsible for mRNA cleavage. For this sequence, see, e.g., U.S. Patent No. 
5,093,246, which is incorporated herein by reference in its entirety, 

Wliile ribozymes that cleave mRNA al site specific recognition sequences 
can be used to destroy target gene inRNAs, the use of hammerhead ribozymes is preferred. 

25 Hammerhead ribozymes cleave niRNAs at locations dictated by flanking regions that form 
complementary base pairs witli the target mRNA. The sole requirement is that the target 
mRNA have the following sequence of two bases: 5'-UG-3'. The construction and 
production of hammerhead ribozymes is well known in the art and is described more fiilly 
in Myers, 1995, Molecidar Biology and BiotKihnology: A Comprehensive Desk Reference, 

30 VCH Publishers, New York, (see especially Figure 4, page 833) and in Haseloff & Gerlach, 
1988, Nature, 334, 585-591, which is incorporated herein by reference in its entirety. 

Preferably the ribozyme is engineered so that the cleavage recognition site is 
located near the 5' end of the target gene mRNA, i.e., to increase efficiency and minimize 
the intracellular acctimulation of non-functional mRNA transcripts. 

35 The ribozymes of the present invention also include RNA endoribonucleases 

(hereinafter "Cech-type ribozymes") such as the one that occurs naturally in Trtrahymena 
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thenuophila (knov,Ti as the IVS, or L-19 IVS RNA) and that has been extensively described 
by Thomas Cech and collaborators (Zaug, et al., 1984, Science, 224, 574-578; Zaug and 
Cech, 1986, Science, 231. 470-475; Zaug. et al., 1986, Nature, 324, 429-433; published 
International patent application No. WO 88/04300 by University Patents Inc.; Been & Cech, 
5 1986, Cell, 47, 207-216). The Ccch-type ribozyines have an eight base pair active site 
which hybridizes to a target RNA sequence whereafter cleavage of the target RNA takes 
place. The invention encompasses those Cech-type ribozymes which target eight base-pair 
active site sequences that are present in the target gene. 

As in the antisense approach, the ribozymes can be composed of modified 
1 0 oligonucleotides (e.g., for improved stability, targeting, etc.) and should be deUvered to 
cells that express the target gene in vivo. A prefeired method of deliveiy involves using a 
DNA construct "encoding" the ribozyme under the control of a strong constitutive pol III or 
pol n promoter, so that transfected cells will produce sufficient quantities of the ribozyme 
to destroy endogenous target gene messages and inhibit translation. Because ribozymes 
1 5 unlike antisense molecules, are catalytic, a lower intracellular concentration is required for 
efficiency. 

Endogenous target gene expression can also be reduced by inactivating or 
"knocking out" the target gene or its promoter using targeted homologous recombination 
(e.g., see Smithies, et al., 1985, Nature 317, 230-234; Thomas & Capecchi, 1987, Cell 51, 
20 503-512; Thompson, et al., 1989, Cell 5, 313-321; each of which is incoiporated by 
reference herein in its entirety). For example, a mutant, non-functional target gene (or a 
completely unrelated DNA sequence) flanked by DNA homologous to the endogenous 
target gene (eitlier tlie coding regions or regulatory regions of the target gene) can be used, 
with or without a selectable marker and/or a negative selectable marker, to transfect cells 
25 that express the target gene in vivo. Insertion of the DNA construct, via targeted 

homologous recombination, results in inactivaUon of the target gene. Such approaches are 
particularly suited modifications to ES (embryonic stem) cells can be used to generate 
animal offspring with an inactive target gene (e.g., see Thomas & Capecchi, 1987 and 
Thompson, 1989, supra). However this approach can be adapted for use in humans 
30 provided the recombinant DNA constructs arc directly administered or targeted to the 
required site in vivo using appropriate viral vretore. 

Alternatively, endogenous target gene expression can be reduced by 
targeting deoxyribonucleotide sequoices complementary to the regulatory region of the 
target gene (j.e., the target gene promoter and/or enhancers) to form triple helical structures 
35 that prevent transcription of the target gene in target cells in the body. (Sec generally, 
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Helene, 1991, Anticancer Drug Des., 6(6), 569-584; Hclene, et al., 1992, Aim. N.Y. Acad. 
Sci., 660, 27-36; and Maher, 1992, Bioassays 14(12), 807-815), 

Nucleic acid molecuks to be used in triple helix formation for the inhibition 
of transcription should be single stranded and composed of dcoxynucleotides. The base 

5 composition of these oligonucleotides must be designed to promote triple helix formation 
via Hoogsteen base pairing rules, which genwally require sizeable stretches of either 
purines or pyrimidines to be present on one strand of a duplex. Nucleotide sequences may 
be pyrimidine-based, which will result in TAT and CGC+ triplets across the three 
associated strands of the resulting triple helix. The pyrimidine-rich molecules provide base 

10 complementarity to a purine-rich region of a single strand of the duplex in a parallel 
orientation to that strand. In addition, nucleic acid molecules may be chosen that are 
purine-rich, for example, contain a stretch of G residues. These molecules will form a triple 
helix with a DNA duplex that is rich in GC pairs, in which the majority of the purine 
residues are located on a single strand of the targeted duplex, resulting in GGC triplets 

1 5 across the three strands in the triplex. 

Alternatively, the potential sequences that can be targeted for triple helix 
formation may be increased by creating a so called "switchback" nucleic acid molecule. 
Switchback molecules are synthesized in an altemating 5'-3', 3'-5' manner, such that they 
base pair with first one strand of a duplex and then the other, eliminating the necessity for a 

20 sizeable stretch of either purines or pyrimidines to be present on one sU'and of a duplex. 

In instances wherein the antiscnse, ribo2yme, and/or triple helix molecules 
described herein are utilized to inhibit mutant gene expression, it is possible that the 
technique may so efficiently reduce or inhibit the transcription (triple helix) and/or 
translation (antiscnse, ribozyme) of mRNA produced by normal target gene alleles that the 

25 possibility may arise wherein the concentration of normal target gene product present may 
be lower than is necessary for a normal phcnotype. In such cases, to ensure that 
substantially normal levels of target gene activity are maintained, therefore, nucleic acid 
molecules that encode and express target gene polypeptides exhibiting normal target gene 
activity may, be introduced into cells via gene therapy methods such as those described, 

30 below, in Section 5.7.2 that do not contain sequences susceptible to whatever antiscnse, 
ribozyme, or triple helix treatments are being utilized. Alternatively, in instances whereby 
the target gene encodes an extracellular protem, it may be preferable to co-administer 
normal target gene protein in order to maintain the reqtiisite level of target gene activity. 

Anti-sense RNA and DNA, ribozyme, and triple helix molecules of the 

33 invention may be prepared by any method known in the art for the synthesis of DNA and 
RNA molecules, as discussed above. These include techniques for chemically syiUhesizing 
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oligodeox>rlbonucleolidcs and oligoribonucleotides well known in the art such as for 
example solid phase phosphoramidite chemical synthesis. Alternatively, RNA molecules 
may be generated by in vitro and in vivo transcription of DNA sequences encoding the 
antisense RNA molecule. Such DNA sequences may be incorporated into a wide variety of 
5 vectors that incorporate suitable RNA polymerase promoters such as the T7 or SP6 

polymerase promoters. Alternatively, antisense cDNA constructs that synthesize antisense 
RNA constitutivcly or inducibly, depending on the promoter used, can be introduced stably 
into cell lines. 

10 5.7.2 GENE REPLACEMENT THERAPY 

With respect to an increase in the level of normal FBP gene expression 
and or FBP gene product activity, FBP gene nucleic acid sequences, described, above, in 
Section 5. 1 can, for example, be utilized for the treatment of proliferative disordra-s such as 
cancer. Such treatment can be administered, for example, in the form of gene replacement 
therapy. SpecificaUy.oneormorecopiesofanonnalFBPgeneoraportionoftheFBP 
gene that directe the production of an FBP gene product exhibiting normal FBP gene 
fiinction, may be inserted into the appropriate cells within a patient, using vectors that 
include, but aie not limited to adenovirus, adeno-associated virus, and retrovirus vectors, in 
addition to other particles that introduce DNA into cells, such as liposomes. 
^'^ For FBP genes that arc expressed in all tissues or are preferentially 

expressed, such as FBPl gene is expressed preferably in the brain, such gene replacement 
therapy techniques should be capable delivering FBP gene sequences to these cell types 
wthin patients. Thus, in one embodiment, techniques that are well kno\vn to those of skill 
in the art (see, e.g., PCI Publication No. WO89/10134, published April 25, 1988) can be 
used to enable FBP gene sequences to cross the blood-brain barrier readily and to deliver 
the sequences to cells in the brain. With respect to delivery that is capable of crossing the 
blood-brain barrier, viral vectors such as, for example, those described above, are 
preferable. 

In another embodiment, techniques for deliv«y involve direct administration 
of such FBP gene sequences to the site of the cells in which the FBP gene sequences are to 

be expressed. 

Additional methods that may be utilized to increase the overall level of FBP 
gene expression and/or FBP gene product activity include the introduction of appropriate 
FBP-expressing cells, preferably autologous cells, into a patient at positions and in numbers 
3 that are sufficient to ameliorate the symptoms of an FBP disorder. Such cells may be either 
recombinant or non-recombinant. 
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Among the cells that can be administered to increase the overall level of FBP 
gene expression in a patient are cells thai normally express the FBP gene. 

Alternatively, cells, preferably autologous cells, can be engineered to express 
FBP gene sequences, and may then be introduced into a patient in positions appropriate for 

5 the amelioration of the symptoms of an FBP disorder or a proliferative or differentiative 
disorders, e.g., cancer and tumorigenesis. Alternately, cells that express an unimpaired FBP 
gene and that are from a MHC matched individual can be utilized, and may include, for 
example, biain cells. The expression of the FBP gene sequences is controlled by the 
appropriate gene regulatory sequences to allow such expression in the necessary cell types. 

10 Such gene regulatory sequences are well known to the skilled artisan. Such cell-based gene 
therapy techniques are well known to those skilled in the art, see, e.g., Anderson, U.S. 
Patent No. 5,399,349. 

When the cells to be administered are non-autologous cells, they can be 
administo'ed using well known techniques that prevent a host inunune response against the 

1 5 introduced cells from developing. For example, the cells may be introduced in an 
enc^sulated form which, while allowing for an exchange of components with die 
immediate extracellular enviromnent, does not allow the introduced cells to be recognized 
by the host immune system. 

Additionally, compounds, such as those identified via techniques such as 

20 those described, above, in Section S.5, that are capable of modulating FBP gene product 
activity can be administered using standard techniques that are well known to those of skill 
in the art. In instances in which the compounds to be administered are to involve an 
interaction with brain cells, the administration techniques should include well known ones 
that allow for a crossing of the blood-brain barrier. 



5.7.3 TARGET PROLIFERATIVE CELL DISORDERS 

With respect to specific proliferative and oncogenic disease associated with 
ubiquilin ligase activity, the diseases that can be treated or prevented by the methods of the 
present invention include but are not limited to: human sarcomas and carcinomas, e.g., 

' fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, 
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, 
synovioma, mesothelioma, Swing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon 
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamotis cell 
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland 

' carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocaicinoma, 
medullary carcinoma, bronchogaiic carcinoma, renal cell carcinoma, hepatoma, bile duct 
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carcinoma, choriocarcinoma, seminoma, «nbryonal carcinoma, Wilms' tumor, cervical 
cancer, testicular tumor, lung carcinoma, small ceU lung carcinoma, bladder carcinoma, 
epithelial carcinoma, glioma, astrocytoma, meduUoblastDma, craniopharyngioma, 
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, 
5 meningioma, melanoma, neuroblastoma, retinoblastoma; leukemias, e.g., acute lymphocytic 
leukemia and acute myelocytic leukemia {myeloblastic, promyelocytic, myelomonocytic, 
monocytic and eiythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) 
leukemia and chronic lymphocytic leukemia); and polycythemia vera, lymjAoma 
(Hodgkin's disease and non-Hodgkin's disease), multiple myeloma, Waldenstrom's 
10 macroglobulinemia, and heavy chain disease. 

Diseases and disorders involving a deficiency in cell proliferation or in 
which ceil proliferation is desired for treatment or prevention, and that can be treated or 
prevented by inhibiting FBP function, include but are not limited to degenerative disorders, 
growth deficiencies, hypoproliferative disorders, physical trauma, lesions, and wounds; for 
1 5 example, to promote wound healing, or to promote regeneration in degenerated, lesioned or 
injured tissues, eic. In a specific embodiment, nervous system disorders ate treated. In 
another specific embodiment, a disorder that is not of the nervous system is treated. 

5.8 PHARMACEUTICAL PREPARATIONS AND METHODS OF 
20 ADMINISTRATION 

The compounds that are determined to affect FBP gene expression or gene 
product activity can be administered to a patient at therapeutically effective doses to treat or 
ameliorate a cell proliferative disorder. A therapeutically effective dose refers to that 
amount of the compound sufficient to result in amelioration of symptoms of such a disorder. 

25 

5.8.1 EFFECTIVE DOSE 

Toxicity and therapeutic efficacy of such compounds can be determined by 
standard phaimaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD50 (the dose lethal lo 50% of the population) and the ED50 (the dose 

30 therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD50/ED50. 
Compounds that exhibit large ther^eutic indices are preferred. While compounds ftat 
exhibit toxic side effects may be used, care should be taken to design a delivery system that 
targets such compounds to the site of affected tissue in order to minimize potential damage 

35 to uninfected cells and, thereby, reduce side effects. 
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The data obtained from the cell culture assays and animal studies can be used 
in formulaiing a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED50 with little or 
no toxicity. The dosage may vaiy within this range depending upon the dosage form 
employed and the route of administration utilized. For any compound usai in the method 
of the invention, the then^eutically effective dose can be estimated initially 6om cell 
culture assays. A dose may be formulated in animal modeb to achieve a circulating plasma 
concentration range that includes the IC50 (i.e., the concentration of the test compound that 
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 
information can be used to more accurately determine uscfiil doses in humans. Levels in 
plasma may be measured, for example, by high performance liquid chromatography. 

5.8.2 FORMULATIONS AND USE 

Pharmaceutical compositions for use in accordance with the preseiil 
invention may be foimulated in conventional manner using one or more physiologically 
acceptable carriers or excipients. 

Thus, the compounds and their physiologically acceptable salts and solvates 
may be formulated for administration by inhalation or insufflation (eitiier through the mouth 
or the nose) or oral, buccal, parenteral or rectal adminisfration. 

For oral administration, the pharmaceutical compositions may take the form 
of, for example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable excipients such as binding agents (e.g., prcgelatitiised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylccUulosc); fillers (e.g., lactose, 
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or 
wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the form of, for 
example, solutions, syrups or suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid preparations may 
be prepared by conventional means with pharmaceutically acceptable additives such as 
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles {e.g., ahnond oil, oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or 
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, 
flavoring, coloring and sweetening agents as appropriate. 
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Preparations for oral administiation may be suitably formulated to give 
controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 
5 For administration by inhalation, the compounds for use according to the 

present invention are conveniently delivered in the form of an aerosol spray presentation 
from pressurized packs or a nebuliser, with the use of a suitable propetlant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide 
or other suitable gas. In the case of a pressurized aerosol the dosage unit may be 
1 0 determined by providing a valve to deliver a metered amount. Capsules and cartridges of 
e.g. , gelatin for use in an inhaler or insufflator may be formulated containing a powder mix 
of the compound and a suitable powder base such as lactose or stareh. 

The compounds may be formulated for parenteral administration by 
mjechon, e.g. , by bolus injection or continuous infusion. Formulations for injection may be 
1 5 presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added 
preservative. The compositions may take such forms as suspensions, solutions or emulsions 
in oily or aqueous vehicles, and may contain formulatoty agents such as suspending, 
stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in powder 
fonn for constitution with a suitable vehicle, e.g., sterile pyrogen-firee water, before use. 
20 The compounds may also be formulated in rectal compositions such as 

suppositories or retention enemas, e.g, containing conventional suppositoiy bases such as 
cocoa butter or other glyeeridcs. 

In addition to the formulations described previously, the compounds may 
also be formulated as a depot preparation. Such long acting formulations may be 
25 administered by implantation (for example subcutaneously or intramuscularly) or by 
intramuscular injection. Thus, for example, the compounds may be formulated with 
suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable 
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly 
soluble salt. 

30 The compositions may, if desired, be presented in a pack or dispenser device 

that may contain one or more unit dosage forms containing the active ingredient. Tlie pack 
may for example comprise metal or plastic foil, such as a blister pack. The pack or 
dispenser device may be accompanied by instructions for administration. 
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6. EXAMPLE: IDENTIFICATION AND CHARACTERIZATION OF NOVEL 
UBIQUITIN LIGASE F-BOX PROTEINS AND GENES 

The following studies were earned out to identify novel F-box proteins 
which may act to recruit novel specific substrates to the ubiquitinalion pathways. Studies 

5 involving several organisms have shown that some FBPs play a crucial role in the 
controlled degradation of important cellular regulatory proteins ie.g. , cyclins, cdk- 
inhibitors, P-catenin, IKBa, etc.). These FBPs are subunits of ubiquitin protein SCF ligases 
formed by three basic subunits: a cullin subimit (called Cdc53 in S. cerevisiae and Cull in 
hiimans); Skpl ; and one of many FBPs. SCF ligases target ubiquitin conjugating enzymes 

10 (cither Ubc3 or Ubc4) to specific substrates which arc recruited by diflerent FBPs. 

Schematically, the Ubc is bound to the ligase through the cullin subunit while the substrate 
interacts with the FBP subunit. Although FBPs can bind the cullin subunit directly, the 
presence of fourth subunit, Skpl, which simultaneously can bind the cullin N-terminus and 
the F-box of the FBP, stabilizes the complex. Thus, the substrate specificity of the ubiquitin 

1 5 ligase complex is provided by the F-box subunit. 

6.1 

Yeast Two-Hvbrid Screening In order to clone the human genes encoding F-box proteins, 

20 proteins associated with Skpl were identified using a modified yeast 2-hybrid system 
(Vidal et al., 1996, Proc. Nat. Acad. Sci., 93:10315-20; Vidal et al., 1996, Proc. Nat. Acad. 
Sci., 93:10321-26). This modified system takes advantage of using three reporter genes 
expressed from three different Gal4 binding site promoters, thereby decreasing the number 
of false positive interactions. This multiple reporter gene assay facilitates identification of 

25 true intcractors. 

Human Skpl was used as a bait to search for proteins that interact with Skpl, 
such as novel F-box proteins and the putative human homolog of Cdc4. The plasmids 
pPC97-CYH2 and pPC86 plasmids, aicoding the DNA binding domain (DB, aa 1 - 147) 
and the transcriptional activation domain (AD, aa 768 - 88 1) of yeast GAL4, and containing 

30 LEU2 and TRPl as selectable markers, respectively, were used (Chevray and Nathans, 
1992, Proc. Nat. Acad. Sci., 89:5789-93; Vidal et al., supra). 

An in-fi'ame fusion between Skpl and DB was obtained by homologous 
recombination of the PGR product described below. The following 2 oligonucleotide 
were designed and obtained as purified primers fi?om Gate Link Inc.: 5'-AGT-AGT-AAC- 

35 AAA-OGT-CAA-AGA-CAG-TTG-ACT-GTA-Taj-TCG-AGG-ATG-CCT-TCA-ATT- 
AAG-TT (SEQ ID NO: 80); 3'-GCG-GTT-ACT-TAC-TTA-GAG-CTC-GAC-GTC-TTA- 
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CTT-ACT-TAG-CTC-ACT-TCT-CTT-CAC-ACC-A (SEQ ID NO: 81). The 5' primer 
corresponds to a sequence located in the DB of the pPC97-CYH2 plasmid (underlined) 
flanked by the 5' sequence of the skpl gene. The 3' primer corresponds to a sequence 
located by polylinker of the pPC97-CYH2 plasmid (underlined) flanked by the 3' sequence 
5 of the skpl gene. These primers were used in a PCR reaction containing the following 
components: 100 ng DNA template (skpl pET plasmid), 1 ptM of each primer, 0.2 mM 
dKTP, 2 mM MgCl^, 1 0 mM KCl, 20 mM TrisCI pH 8.0, 0. 1% Triton X-1 00, 6 mM (NH^)^ 
SO4, 10 ^g'ml nuclease-free BSA, 1 unit of Pfij DNA polymerase (4* at 94''C, 1' at 50 C, 10' 
at 72 =C for 2 8 cycles). Appro.ximately 100 ng of PCR product wer« transformed into yeast 
10 cells (MaV103 strain; Vidal etal, 1996, Proc. Natl. Acad. Sci. U.S.A. 93:10315-10320; 
Vidal et al., 1 996, Proc. Natl. Acad. Sci. U.S.A. 93: 1 032 1 - 1 0326) in the presence or in the 
absence of 100 ng of pPC97-CYH2 plasmid previously digested with Bglll and Sail. As a 
result of tlie homologous recombination, only yeast cells containing the pPC97-CYH2 
plasmid homoiogously recombined with skpl cDNA, grew in the absence of leucine. Six 
15 colonies were isolated and analyzed by imraunoblotting for the expression of Skpl, as 
described (Vidal ct al., supra). All 6 colonies, but not control colonies, expressed a Mr 
36,000 fusion-protein that was recognized by our affinity purified anti-Skpl antibody. 

The AD fusions were generated by cloning cDNA fragments in the ftame 
downstream of the AD domains and constructs were confirmed by sequencing, immunoblot, 
20 and interaction with Skpl. The pPC86-Skp2s (pPC86) include: pPC86-Skp2, and pPC86- 
Skp2-CT (aa 181-435 of Skp2), The first fusion represents our positive control since Skp2 
is a known intcractor of Skpl (Zhang, ct al, 1995, Cell, 82: 915-25); the latter fiision was 
used as a negative control since it lacked the F-box required for the interaction with Skp 1 . 

MaV103 stram harboring the DB-skpl fusions was transformed with an 
25 activated T-cell cDNA library (Alala 2; Hu, et al.. Genes & Dev. 1 1 : 2701-14) in pPC86 
using the standard lithium acetate method. Transformants were fu^t plated onto synthetic 
complete (SC)-Leu-Trp plates, followed by replica plating onto (SC)-Lcu-Trp-His plates 
containing 20 mM 3-aminotriazolo (3-AT) after 2 days. Yeast colonies grown out after 
additional 3-4 days of incubation were picked as primary positives and fiirther tested in 
30 three reporter assays: i) growth on SC-Leu-Trp-His plates supplemented with 20 mM 3- 
AT; ii) -galactosidasc activity; and iii) URA3 activation on SC-Leu-Trp plates containing 
0.2% 5-fluoroortic acid, as a counterselection method. Of the 3 x 10' yeast transformants 
screened AD plasmids were rescued from the fifteen selected positive colonies after all 
three. MaVl 03 cells were rc-transformed with either rescued AD plasmids and the DBskpl 
35 fusion or rescued AD plasmid and the pPC97-C'i'H2vector without a cDNA insert as 
control. Eleven AD plasmids from colonies that repeatedly tested positive in all three 
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reporter assays (very strong interactors) and four addiiioual AD plasmids from clones that 
were positive on some but not all three reporter assays (strong interactors) were recovered 
and sequenced with the automated ABI 373 DNA sequencing system. 

5 Cloning of full length FBPs Two of the clones encoding FBP4 and FBP5 appeared to be 
full-length, while full length clones of 4 other cDNAs encoding FBP 1, FBP2, FBP3 and 
FBP7 were obtained with RACE using Marathon-Ready cDNA libraries (Clonthec, cat. # 
7406, 7445, 7402) according to the manufacturer's instructions. A full-length clone 
encoding FBP6 was not obtained. Criteria for full length clones included at least two of the 

10 following: i) the identification of an ORF yielding a sequence related to known F-box 
proteins; ii) the presence of a consensus Kozak translation initiation sequence at a putative 
initiator methionine codon; iii) the identification of a stop codon in the same reading frame 
but upstream ofthe putative initiation codon; iv) the inability to further increase the size of 
the clone by RACE using three different cDNA libraries. 

15 

Analysis by Immunoblotting of Protein from Yeast Extracts Yeast cells were grovrai 

to mid- logarithmic phase, harvested, washed and rcsuspendcd in buffer (50 mM Tris pH 
8.0, 20% glycerol, 1 mM EDTA, 0.1% Triton X-100, 5 mM MgC12, 10 mM fl- 
mercaptoethanol, 1 mM PMSF, 1 mg/ml Leupcptin, 1 mg/ml Pepstatin) at a cell density of 
20 about 1 09 cells/ml. Cells were disrupted by vortexing in the presence of glass beads for 10 
min at 40C. Debris was pelleted by centrifugation at 12,(K)0 RPM for 15 min at 40C. 
Approximately 50 g of proteins were subjected to immunoblot analysis as described (Vidal 
el al., 1996a, supra; Vidal et al, 1996b, supra). 

25 DNA database searches and analysis of protein motifs ESTs (expressed sequence tags) 
wiUi homology to FBP genes were identified using BLAST, PSI-BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST/) and TGI Sequence Search (http://www.tigr.org/cgi- 
bin/BlastSearch/blast_tgi.cgi). ESTs that overlapped more than 95 % in at least 100 bps 
were assembled into novel contiguous ORFs using Sequencher 3.0. Protein domains were 

30 identified with ProfileScan Server 

(http://'www.isrec.isb-sib.cWsoflwar6'PFSCAN_fonn.html), BLCTCKS Sercher 
(http://www.blocks.fhcrc.org/blocks_search.html) and 1MB Jena (http://genome.irab- 
jena.de/cgi-bin/GDEWWW/menu.cgi). 

35 Construction of F-box mutants Delta-F-box mutants [(AF)FBP1, residues 32-179; 
(AF)FBP2, residues 60-101; (AF)FBP3a, residues 40-76; (AF)FBP4, residues 55-98] wens 
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obtained by deletion with the appropriate restriction enzymes with conservation of the 
reading frame. (AF)Skp2 mutant was obtained by removing a DNA fragment (nucleotides 
338-997) with BspEI and Xbal restriction enzymes, and replacing it with a PGR fragment 
containing nucleotides 457 to 997. The final construct encoded a protein lacking residues 
5 113-152. The leucine 5i-to-alanine FBP3a mutant [FBP3a(L5] A)] and the tryptophan 76- 
to-alanine FBP3a mutant [FBP3a(W76A)] were generated by oligonucleotide-directed 
mutagenesis using the polymerase chain reaction of the QuikChange site-directed 
mutagenesis kit (Stratagene). All mutants were sequenced in their entirety. 

1 0 Recombinant proteins cDNA fragments encoding the following human prolems: 
Flag-tagged FBPl, Flag-tagged (AF)FBP1, Flag-tagged FBP3a, Skp2, HA-tagged Cull, 
HA-tagged Cul2, (P-catenin, His-tagged cyclin Dl, Skpl, His-tagged Skpl, His-tagged 
Elongin C were inserted into the baculovirus expression vector pBacpak-S (Clonetech) and 
cotransfected into St9 cells with linearized baculovirus DNA using the BaculoGold 

1 5 transfection kit (Phaimingen). Recombinant viruses were used to infect 5B cells and 
assayed for expression of their encoded protein by immimoblotting as described above. 
His-proteins were purified with Nickel-agarose (Invifrogen) according to the manufacturer's 
instructions. 

20 Antibodieg . Anti-Cull antibodies was generated by injecting rabbits and mice with the 
following amino acid peptide: (C)DGEKDTYSYLA (SEQ ID NO: 82). This peptide 
corresponds to the carboxy-tcrminus of human Cull and is not conserved in other cullins. 
Anti-Cul2 antibodies was generated by injecting rabbits with the following amino acid 
peptide: (C)ESSFSLNMNFSSKRTKFKITTSMQ (SEQ ID NO: 83). This peptide is 

25 located 87 amino acids from the carboxy-terminus of human Cul2 and is not conserved in 
other cullins. The anti-Skpl antibody was generated by injecting rabbits with the peptide 
(QEEAQVRKENQW (SEQ ID NO: 84), corresponding to the carboxy-terminus of human 
Skp 1 . The cysteine residues (C) were added in order to couple the peptides to keyhole 
limpet hemocyanin (KLH). All of the antibodies were generated, affinity-purified (AP) and 

30 characterized as described (Pagano, M., ed„ 1995, "From Peptide to Purified Antibody", in 
Cell Cycle; Materials and Methods, Spring-Verlag, 217-281). Briefly, peptides whose 
sequaice showed high antigenic index (high hydrophibcity. good surface probability, good 
flexibility, and good secondary structure) were chosen. Rabbits and mice were injected 
with peptide-KLH mixed with complete Freund's adjuvant. Subsequently they were 

35 injected with the peptide in incomplete Freund's adjuvant, eveiy 2 weeks, until a significant 
immunoreactivity was detected by immunoprecipitationof 35S-methionine labeled HeLa 
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extract. These aiitisera recognized bands at the predicted size in both human extracts and a 
extracts containing recombinant proteins. 

Monoclona] antibody (Mab) to Ubc3 was gcaierated and characterized in 
collaboration with Zymed Inc. Mab to cyclin B (cat # sc-245) was from Santa Cruz; Mabs 

5 to p2 1 (cat # C24420) and p27 (cat # K25020) from Transduction lab. (Mabs) cyclin E, 
(Faha, 1993, J. of Virolo^ 67: 2456); AP rabbit antibodies to human p27, Slq32, Cdk2 
(Pagano, 1992, EMBO J. 1 1 : 761), and cyclin A (Pagano, 1992, EMBO J. 1 1 : 761), and 
phospho-site p27 specific antibody, were obtained or generated by standard methods. 
Where indicated, an AP goat antibody to an N-terminal Skp2 peptide (Santa Craz, cat # sc- 

10 1 567) was used. Rat anti-HA antibody was from Boehringer Mannheim (cat. #1 867423), 
rabbit anti-HA antibody was from Santa Cruz (cat. # sc-805), mouse anti-Flag antibody was 
from Kodak (cat. # IB13010), rabbit anti-Flag antibody was from Zymed (cat. #71-5400), 
anti-Skpl and anti-(P-catenin mouse antibodies were from Transduction Laboratories (cat. # 
C 19220 and P46020, respectively). The preparation, purification and characterization of a 

1 5 Mab to human cyclin Dl (clone AM29, cat. #33-2500) was performed in collaboration with 
Zymed Inc. Antiserum to human cyclin Dl was produced as described(Ohtsubo et al., 
1995, Mol Cell Biol. 15, 2612-2624). 

Extract preparation and cell synchronization Protein extraction was performed as 

20 previously described (Pagano, 1 993, J. Cell Biol. 121 : 101) with the only difference that 1 
fxm okadaic acid was present in the lysis buffer. Human limg fibroblasts IMR-90 were 
synchronized in GO/G 1 by serum starv ation for 48 hours and tlie restimuiated to re-enter the 
cell cycle by serum readdition. HeLa cells were synchronized by mitotic shake-off as 
described (Pagano, 1 992, EMBO J. 1 1 : 761). Synchronization was monitored by flow 
25 cytometr>'. For in vitro ubiquitination and degradation assays, Gl HeLa cells were obtained 
with a 48-hour lovastatin treatment and protein extraction performed as described below. 

Immunopre cipitation and Immunoblottinp . Cell extracts were prepared by addition of 3-5 
volumes of standard lysis buffers (Pagano et al, 1992, Science 255, 1 144-1 147), and 
30 conditions for immunoprecipitation were as described (Jenkins and Xiong, 1995; Pagano et 
al., 1992a Science 255-1144-1 147). Proteins were transfered from gel to a nitrocellulose 
membrance (Novex) by wet blotting as described (Tam et al., 1994 Oncogene 9, 2663). 
Filters were subjected to immunoblotting using a chemiluminesccnce (DuPont-NEN) 
detection system according to the manufacturer's instructions 

35 
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Protein extraction for in vitro ubiquitiiiatioii assay. Logarithmically gro\\'ing, HeLa-S3 
cells were collected at a density of 6x105 cells/ml. Approx. 4 ml of HeLa S3 cell pellet 
were suspended in 6 ml of ice-cold bufifer consisting of 20 mM Tris-HCl (pH 7.2), 2 mM 
DTT, 0.25 mM EDTA, 10 ^g/ml leupqjtin, and 10 ^g/ml pq)statia The suspension was 

5 transfeired to a cell nitrogen-disruption bomb (Pair, Moline. IL, cat #4639) that had been 
rinsed thoroughly and chilled on ice before use. The bomb chamber was connected to a 
nitrogen tank and the pressure was brought slowly to 1000 psi. The chmnber was left on ice 
under the same pressure for 30 minutes and then the pressure was released slowly. The 
material was transferred to an Eppendorf tube and centrifuged in a microcentrifuge at 

10 10,000 g for 10 minutes. TTie supernatant (S-10) was divided into smaller samples and 
frozen at -800C. 

In vitro ubiquitination The ubiquitination assay was performed as described 

(Lyapina. 1998, Proc Natl Acad Sci U S A, 95: 7451). Briefly, immuno-beads containing 
1 5 Flag-tagged FBPs inimunoprecipitated with anti-Flag antibody were added with purified 
recombinant human E 1 and E2 cnz>-mes (Ubc2. Ubc3 or Ubc4) to a reaction mix containing 
biotinylated-ubiquitin. Samples were then analyzed by blotting with HRP-stieptavidin. El 
and E2 enzymes and biotinylated-ubiquitin were produced as described (Pagano. 1995. 
Science 269: 682). 

20 

Jmsiem transfectinns cDNA iragments encoding the following human proteins: 
FBPl, (AF)FBPl, FBP2, (AF)FBP2. FBP3a. (AF)FBP3a, FBP3a(L51A), FBP3a(W76A), 
FBP4, (AF)FBP4. Skp2, (AF)Skp2. HA-tagged P-catenin. untagged P-catenin. Skpl, cyclin 
Dl were inserted into the mammalian expression vector pcDNA3 (Invitrogen) in frame with 
25 a Flag-tag at their C-terminus. Cells were transfccted with FuGENE transfection reagent 
(Boehringer, cat. #1-814-443) according to the manufacture's instruction. 

Iipinmoflvp] 



Transfccted cell monolayers growing on glass coverslips were rinsed 
in PBS and fixed with 4% parafonnaldehyde in PBS for 10 minutes at 4X followed by 
30 permeabilization for 10 minutes with 0.25% Triton X-100 in PBS. Other fixation protocols 
gave comparable results. Immunofluorescence stainings were perfonncd using 1 iig/ml 
rabbit anti-Flag antibody as described (Pagano, 1994. Genes & Dev., 8:1627). 

Northern Blot Ana l y sis Northern blots were perfonncd using human multiple-tissue 
35 mRNAs from Clontech Inc. Probes w^e radiolabeled with [alpha-32P] dCTP (Amersham 
Inc.) using a random primer DNA labeling kit (Gibco BRL) (2 x 106 cpm/ml). Washes 
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were perfomied wi:h 0.2 x SSC, 0, 1% SDS. at 55 - CO°C. FBP 1 and FBP3a probes were 
two Hindlll restriction fragments (nucleotides 1 - 571 and 1 - 450, respectively), FBP2, 
FBP4, and FBPl probes were their respective foil-length CDNAs, and P-ACTIN probe was 
from Clontech Inc. 

5 

Fluorescence in situ hvbridixation (FISH) Genomic clones were isolated by high- 
stringency screening (65°C, 0.2 x SSC, 0.1 % SDS wash) of a AJ^IX U placenta human 
genomic library (Stratagene) with cDNA probes obtained from the 2-hybrid screening. 
Phage clones were confirmed by high-stringency Southern hybridization and partial 
1 0 sequence analysis. Purified whole phage DNA was labeled and FISH was perfonned as 
described (M. Pagano., ed., 1994, in Cell Cycle: Materials and Methods, 29). 

6.2 RESULTS 

6.2. 1 Characterization of novel F-box Proteins and their activity in vivo 
^ ^ An improved version of the yeast two-hybrid system was used to search for 

interactors of human Slq>l. The MaV103 yeast strain harboring the Gal4DB-Skpl fusion 
protein as bait was transformed with an activated T-cell cDNA library expressing Gal4 AD 
fusion proteins as prey. After initial selection and re-transformation steps, 3 different 
reporter assays were used to obtain 13 positive clones that specifically interact with human 
Skpl. Afler sequence analysis, the 13 rescued cDNAs were found to be derived from 7 
different open reading frames all encoding FBPs. These novel FBPs were named as 
follows: FBPl, shown in Figure 3 (SEQ ID N0:1); FBP2, shown in Figure 4 (SEQ ID 
N0:3), FBP3a, shown in Figure 5 (SEQ ID N0:5), FBP4, shown in Figure 7 (SEQ ID 
2j N0:7), FBPS, shown in Figure 8 (SEQ ID N0:9), FBP6, shown m Figure 9 (SEQ ID 
NO: 11), FBP7, shown in Figure 10 (SEQ ID NO: 13). One of the seven FBPs, FBPl (SEQ 
ID N0:1) was also identified by others while our screen was in progress (Margottin et al., 
1998, Molecular Cell, 1:565-74). 

BLAST programs were used to search for predicted human proteins 
containing an F-box in databases available through flie National Center for Biotechnology 
Information and The Institute for Genomic Research. The ahgnment of the F-box motifs 
from these predicted human FBPs is shown in Figure 1. Nineteen previously 
uncharacterized human FBPs were identified by aligning available sequences (GenBank 
Accession Nos. AC002428. A1457595, AI105408, H66467, T47217, H38755, THC274684, 
AI750732, AA976979, AI571815, T57296, Z44228, Z45230, N42405, AA018063, 
AI751015, AI400663, T74432, AA402415, AI826000, AI590138, AF174602, Z45775, 
AF174599, THC288870, AI017603, AF174598, THC260994, AI47567I, AA768343, 
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AF174595, THC240016, K70417, 110511, .^lF174603, EST04915, AA147429, AI192344, 
AF174594, AI147207, AI279712. AA593015, AA644633, AA335703, N26196. 
AFl 74604, AF053356, AFl 74606, AA836036, AA853045, A1479142. AA772788. 
AA039454, AA397652, AA463756, AA007384, AA749085, AI640599, THC253263, 
5 AB020647, THC295423, AA434109, AA370939, AA215393, THC271423, AF052097. 
THC288182, AL049953, C.AB37981, .-^.022395, AL031I7S, THC197682, and 
THC205 131), with the nucleotide sequences derived from the F-box proteins disclosed 
above. 

The nineteen previously uncharacterized FBP nucleotide sequences thus 
10 identified were named as follows: FBP3b, shown in Figure 6 (SEQ ID NO:23); FBP8, 
shown in Figure 1 1 (SEQ ID NO:25); FBP9. shown in Figure 12 (SEQ ED NO:27); FBPIO, 
shown in Figure 13 (SEQ ID NO:29); FBPl 1, shown in Figure 14 (SEQ ID N0;31); 
FBP12, shown in Figure 15 (SEQ ID NO;33); FBP13, shown in Figure 16 (SEQ ID 
NO;35); FBP14, shown in Figure 17 (SEQIDNO:37); FBP15, shown in Figure 18 (SEQ 
15 ID KO;39); FBP16, shown in Figure 19 (SEQ ID N0:41); FBP17, shown in Figure 20 
(SEQ ID NO:43); FBP18, shown in Figure 21 (SEQ ID NO:45); FBP19, shown in Figure 
22 (SEQ ID NO:47); FBP20, shown in Figure 23 (SEQ ID NO:49); FBF21 , shown in 
Figure 24 (SEQ ID N0:5 1); FBP22, shown in Figure 25 (SEQ ID NO:53); FBP23, shown 
in Figure 26 (SEQ ID NO:55); FBP24, shown in Figure 27 (SEQ ID NO:57); and FBP25, 
20 shown in Figure 28 (SEQ ID NO:59). The alignment of the F-box motifs &om these 
predicted human FBPs is shown in Figure lA. Of these sequences, the nucleotide 
sequences of fourteen identified FBPs, FBP3b (SEQ ID NO:23), FBPS (SEQ ID NO:25), 
FBPl 1 (SEQ ID N0:31), FBP12 (SEQ ID NO:33), FBP13 (SEQ ID NO;35). FBP14 (SEQ 
ID NO:37), FBP15 (SEQ ID NO:39), FBPI7 (SEQ ID NO:43). FBP18 (SEQ ID NO:45), 
25 FBP20 (SEQ ID NO:49), FBP21 (SEQ ID N0:51), FBP22 (SEQ ID NO;53), FBP23 (SEQ 
ID NO:55), and FBP25 (SEQ ID NO:59) were not previously assembled and represent 
novel nucleic acid molecules. The five remaining sequences, FBP9 (SEQ ID NO:27), 
FBPIO (SEQ ID NO:29), FBP16 (SEQ ID NO:41), FDP19 (SEQ ED NO:47), and FBP24 
(SEQ ID NO:57) were previously assembled and disclosed in the database, but were not 
30 previously recognized as F-box proteins. 

Computer analysis of human FBPs revealed several interesting features (see 
the schematic representarion of FBPs in Figure 2. Three FBPs contain WD-40 domains; 
seven FBPs contain LRRs, and six FBPs contain other potential protein-protein interaction 
modules not yet identified in FBPs, such as leucine zippers, ring fingers, helix-Ioop-heUx 
35 domains, proline rich motift and SH2 domains. 
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As examples of the huniaii FB? family, a more detailed characterization of 
some FBPs was performed. To confirm the specificity of interaction between the novel 
FBPs and human Skp 1 , eight in vitro translated FBPs were tested for binding to His-tagged- 
Skpl pre-boimd to Nickel-agarose beads. As a control Elongin C was used, the only known 

5 human Skpl homolog. All 7 FBPs were able to bind His-Skpl beads but not to His-tagg^- 
Elongin C be^s (Figure 29). The small amount of FBPs that bound to His-tagged-Elongin 
C beads verj' likely represents non-specific binding since it was also pres«it when a non- 
relevant protein (His-tagged-p27) bound to Nickel-agarose beads was used in pull-down 
assays (sec as an example, Figure 29, lane 12). 

10 F-box deletion mutants, (AF)FBP1, (AF)FBP2, (AF)FBP3a, and mutants 

containing single point mutations in conserved amino acid residues of the F-box, 
FBP3a(L51A) and FBP3a(W76A) were constructed. Mutants lacking the F-box and those 
with point mutations lost their ability to bind Skpl (Figure 29), confirming thai human 
FBPs require the integrity of their F-box to specifically bind Skpl. 

1 5 In order to determine whether FBPl, FBP2, FBP3a, FBP4 and FBP7 interact 

with human Skp 1 and Cul 1 in vivo (as Skp2 is known to do), flag-tagged-FBP 1 , - 
(AF)FBPi , -FBP2, -(AF)FBP2. -FBP3a, -(AF)FBP3a, -FBP4 and -FBP7 were expressed in 
HeLa cells from which cell extracts were made and subjected to immunoprecipitation with 
an anti-Flag antibody. As detected in inimunoblots with specific antibodies to Cull , Cul2 

20 (another human cullin), and Skpl, the anti-Flag antibody co-precipitated Cull and Skpl. but 
not Cul2, exclusively in extracts firom cells expressing wild-type FBPs (Figure 29 and data 
not shown). These data indicate that as in yeast, the human Skpl/cuUin complex forms a 
scaffold for many FBPs. 

The binding of FBPs to the Skpl/Cull complex is consistent with the 

25 possibility that FBPs associate widi a ubiquitiii ligation activity. To test this possibility, 
Flag-tagged were expressed in HeLa cells. FBPs together with human Skpl and Cull. 
Extracts were subjected to immunoprecipitation with an anti-Flag antibody and assayed for 
ubiquitin ligase activity in the presence of the human ubiquitin-activating enzyme (El) and 
a human Ubc. All of the wild type FBPs tested, but not FBP mutants, associated with a 

30 ubiquitin ligase activity which produced a high molecular weight smear characteristic of 
ubiquitinated proteins (Figure 30). The hgase activity was N-ethylmaleimide (NEM) 
sensitive (Figure 30, lane 2) and required the presence of both Ubc4 and El. Results similar 
to those with Ubc4 were obtained using himian Ubc3, whereas Ubc2 was unable to sustain 
the ubiquitin ligase activity of these SCFs (Figure 30, lanes 12, 13). 

35 Using indirect immimofiuorescence techniques, the subcellular distribtition 

of FBPl, FBPl, FBP3a, FBP4 and FBP7 was studied in human cells. Flag-tagged-versions 
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of these proteins were expressed in HeLa, U20S, and 293T cells and subjected to 
immunofluorescent staining with an anti-Flag antibody. FBPl, FBP4 and FBP7 were found 
to be distributed both in the cytoplasm and in the nucleus, while FBP2 was detected mainly 
in the cytoplasm and FBP3a mainly in the nucleus. Figure 32 shows, as an example, the 

5 subcellular localization of FBPl , FBP2, FBP3a, FBP4 observed in HeLa cells. The 
localization of (AF)FBPl, (AF)FBP2, (AF)FBP3a mutants was identical to those of the 
respective wild-type proteins (Figure 32) demonstrating that the F-box and the F-box- 
dependent binding to Skpl do not determine the subcellular localization of FBPs. 
Immunofluorescence stainings were in agreement with the results of biochemical 

10 subcellular fractionation. 

6.2.2 Northern Blot Analysis of Novel Ubiquitin Ligase Gene Transcripts 

RNA blot analysis was performed on po1y(A)+ mRNA from multiple normal 
human tissues (heart, brain, placenta, lung, liver, skeletal, muscle, kidney, pancreas, spleen, 
^ ^ thymus, prostate, testis, ovary, small intestine, colon, peripheral blood leukocytes, see 
Figure 33). FBPl mRNA transcripts (a major band of~7-kb and two minor bands of -3.5 - 
and ~2.5 kb) were expressed in all of the 16 human tissues tested but were more prevalent 
in brain and testis. Testis was the only tissue expressing the smaller FBPl mRNA forms in 
amounts equal to, if not in excess of, the 7 kb form. FBP2 transcripts (~7.7-kb and -2.4- 
kb) were expressed in all tissues tested, yet the ratio of the FBP2 transcripts displayed some 
tissue differences. An approximately 4 kb FBP3a transcript was present in all tissues tested 
and two minor FBP3a forms of approximately 3 kb and 2 kb became visible, upon longer 
exposure, especially in the testis. An approximately 4.8 kb FBP4 transcript was expressed 
in all normal human tissues tested, but was particukiriy abundant in heart and pancreas. 
Finally, the pattern of expression of the new FBPs was compared to that of FBPl whose 
mRNA species (a major band ~4 kb and a minor band of -8.5 kb) were found in all tissues 
but was particularly abundant in placenta. 

6.2.3 Chromosomal Localization Of The Human FBP Genes 

30 

Unchecked degradation of cellular regulatory proteins (e.g., p53, p27, P- 
catenin) has been observed in certain tumors, suggesting the hypothesis that deregulated 
ubiquitin ligases play a role in this altered degradation (reviewed in A. Ciechanover, 1998, 
EmboJ, 17:7151). A well understood example is that of MDM2, a pnjto-oncogene 
2 J encoding a ubiquitin ligase whose overexpression destabilize ite substrate, the tumor 
siqspressor p53 (reviewed by Brown and Pagano, 1997, Biochim Biq)hys Acta,1332: 1, 
1998). To map the chromosomal localization of the human FBP genes and to determine if 
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these positions coincided with loci known to be altered in tumors or in inherited disease, 
fluorescence in situ hybridization (FISH) was used. The FBPl gene was mapped and 
localized to I0q24 (Fig. 34A), FBP2 to 9q34 (Figure 34B), FBP3a to 13q22 (Figure 34C), 
FBP4 to 5pl2 (Figure 34D) and FBP5 lo 6q25-26 (Figure 34E). FBP genes (particularly 

5 FBP 1 , FBP3a, and FBP5) are localized to chromosomal loci fiequently altered in tumors 
(for references and details see Online Mendeliaa Inheritance in Man database, 
http://www3.ncbi.nlm.nih.gov/omini/). In particular, loss of 1 0q24 (where FBPl is located) 
has been demonstrated in approx. 10 % of human prostate tumors and small cell lung 
carcinomas (SCLC), suggesting the presence of a tumor suppressor gene at this location. In 

1 0 addition, up to 7% of childhood acute T-cell leukemia is accompanied by a translocation 
involving 1 0q24 as a breakpoint, either t(l 0; 1 4)(q24;ql I) or t(7; 1 0)(q35;q24). Although 
rarely, the 9q34 region (where FBP2 is located) has been shown to be a site of loss of 
heterozygosity (LOH) in human ovarian and bladder cancers. LOH is also observed in the 
region. Finally, 6q25-26 (where FBP5 is located) has been shown to be a site of loss of 

1 5 heterozygosity in human ovarian, breast and gastric cancers hepatocarcinomas, Burkitt's 
lymphomas, and parathyroid adenomas. 

7. EXAMPLE: FBPl REGULATES THE STABILITY OF (J-CATENIN 
Deregulation of P-catenin proteolysis is associated witli malignant 

30 "^^ transformation. Xenopus SHmb and Drosophita FBPl negatively regulate the Wnt' p- 

catenin signaling pathway (Jiang and Stnihl, 199S, supra; Marikawa and Elmson, 1998). 
Since ubiquiiin ligase complexes physically associate with their substrates, the studies in 
this Example were designed to determine whether FBPl can interact with P-catenin. The 

35 results show that FBP 1 forms a novel ubiquitin ligase complex that regulates the in vivo 

stability of P-catenin. Thus, the identification of FBP 1 as a component of the novel 
ubiquitin ligase complex that ubiquitinates p-catcnin, provides new targets that can be used 
in screens for agonists, antagonists, ligands. and novel substrates using the methods of the 

40 present invention. Molecules identified by these assays are potentially useful drugs as 

therapeutic agents against cancer and proliferative disorders. 

30 

7.1 MATERIALS AND METHODS FOR IDENTIFICATION OF FBPl 
FUNCTION 

Recombinant proteins. Construction of F-box mutants. Antibodies. Transient transfections. 
Immunoprecipitation. Immunoblotting. Cell culture and Extract preparation Details of the 
methods are described in Section 6. l.jupm. 

50 
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7.2 RESULTS 



7.2.1 Human FBPl Interacts With p^ateain 

Flag-tagged FBPl and p-catenin viruses were used to co-infect insect ceUs, 
and extracts were analyzed by inununoprecipitation followed by immunoblotting. p-catenin 
was co-immunoprecipitated by an anti-Flag antibody (Figure 35A), indicating that in intact 
cells P-catenin and FBPl physically interact. It has been shown that binding of the yeast 
FBP Cdc4 to its substrate Sicl is stabilized by the presence of Skpl (Skowyra et al., 1997, 
Cell, 91, 209-219). Simultaneous expression of human Skpl had no effect on the strength 
' 0 of the interaction between FBPl and P-catenin. To test the specificity of the FBPl/p- 
cateniii interaction, cells were co-infected with human cyclin Dl and FBPl viruses. The 
choice of this cyclin was dictated by the fact that human cyclin Dl can form a complex with 
the Skp2 ubiquitin ligase complex (Skpl-Cull-Skp2; Yu et al, 1998, Proc. Natl. Acad. Sci. 
U.S.A. 95: 1 1324-9). Under the same conditions used to demonstrate the fonnation of the 
' FBPl/p-catenin complex, cyclin Dl could not be co-immunoprecipitated with Flag-tagged 
FBPl, and anti-cyclin Dl antibodies were unable to co-immunoprecipitate FBPl (Figure 
35B, lanes 1-3). Co-expression of Skpl (Figure 358, lanes 4-6) or Cdk4 with FBPl and 
cyclin Dl did not stimulate the association of cyclin Dl with FBPl. 

Mammalian expression plasmids carrying HA-tagged P-catenin and Flag- 
tagged FBPl (wild type or mutant) were then co-transfccted in human 293 cells, p-catenin 
was detected in anti-Flag immunoprecipitates when co-expressed with cither wild type or 
(AF)FBPl mutant (Figure 35C, lanes 4-6), confirming the presence of a complex formed 
between p-catenin and FBPl in human cells. 

^ 7.2.2 F-box Deleted FBPl Mutant Stabilizes P-Catenln In Vivo 

The association of (AF)FBPl to p-catenin suggested that (iiF)FBPl might 
act as a dominant negative mutant in vivo by being unable to bind Skpl/CuU complex, on 
the one hand, while retaining the ability to bind P-catenin, on the other. HA-tagged P- 
catenin was co-expressed together with Flag-tagged (AF)FBP1 or with anothar F-box 

^ deleted FBP, (AF)FBP2. FBP2 was also obtained with our screening for Skpl-interactois; 
and, like FBPl, contains several WD-40 domains. The j^esence of (AF)FBP1 specifically 
led to the accumulation of higher quantities of p-cat«un (Figure 36A). To determine 
whether this accumulation was due to an increase in p-catenin stability, we measured the 
half-life ofP-catenin using pulse chase analysis. Human 293 cells were transfected with 

' HA-tagged P-catenin alone or in combination with the wild type or mutant FBPl. While 
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wild type Fpbl had little effect on the degradation of p-catenin, the F-box deletion mutant 
prolonged the half life of p-catenin from 1 to 4 hours (Figure 36B). 

FBPl is also involved in CD4 degradation induced by the HIV-1 Vpu 
protein (Margottin ct ai., supra). It has been shown that Vpu recruits FBPl to DC4 and 
5 (AF) FBPl inhibits Vpu-raediated CD4 regulation. In addition, FBP 1-ubiquitin Kgase 
complex also controls the stability oflKBaa (Yaron et al., 1998, Nature, 396: 590). Thus, 
the interactions between FBPl and P-catenin, Vpu protein, CD4, and IKBaa are potential 
targes that can be used to screen for agonists, antagonists, ligands, and novel substrates 
using the methods of the present invention. 

10 

8. EXAMPLE: METHODS FOR roENTIFYING p27 AS A SUBSTRATE OF THE 

FBP Skp2 

Degradation of the mammalian Gl cyclin-dcpendent kinase (Cdk) inhibitor 
p27 is required for the cellular transition ih>m quiescence to the proliferative state. The 

15 ubiquitination and degradation of p27 depend upon its phosphorylation by cyclin/Cdk 
complexes. Skp2, an F-box protein essential for entry into S phase, specifically recognizes 
p27 in aphosphorylation-dependent manner. Furthermore, both in vivo and in vitro, Skp2 
is a rate-limiting component of the machinery that ubiquitinates and degrades 
phosphorylated p27. Thus, p27 degradation is subject to dual control by the accumulation 

20 of both Skp2 and cyclins following mitogenic stimulation. 

This Example discloses novel assays that have been used to identify the 
interaction of Skp2 and p27 in vitro. First, an in vitro ubiquitination assay performed using 
p27 as a substrate is described. Second, Skp2 is depleted from cell extracts using anti-Slqj2 
antibody, and the effect on p27 ubiquitin ligase activity is assayed. Purified Slq)2 is added 

25 back to such immunodcplctcd extracts to restore p27 ubiquitination and degradation. Also 
disclosed is the use of a dominant negative mutant, (AF)Skp2, which interferes with p27 
ubiquitination and degradation. 

The assays described herein can be used to test for compoimds that inhibit 
cell proliferation. The assays can be carried out in the presence or absence of molecules, 

30 compounds, peptides, or other agents described in Section 5.5. Agents that eitiier enhance 
or inhibit the interactions or the ubiquitination activity can be identified by an increase or 
decrease the formation of a fmal product are identified. Such agents can be used, for 
example, to inhibit Skp2-regulafed p27 ubiqiiitinalion and degradation in vivo. Molecules 
identified by these assays are potentially useful drugs as therapeutic agents against cancer 

35 and proliferative disorders. 
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Dominant negative mutants, for example the mutant (AF)Skp2, and ai 
oligos targeting SKP2. mRNA interfere with p27 ubiquitination and degradation, and can be 
used in gene therapies against cancer. The assays described herein can also be used to 
identily novel substrates of the novel FBP proteins, as well as modulators of novel ubiquitin 
5 ligase complex - substrate interactions and activities. 

^J^^ METHODS FOR IDENTIFICATION OF p27 AS A Skp2 

ErPtejn extraction for in vitro ubiouitin a tion assay Appiox. 4 ml of HeLa S3 cell pellet 
10 were suspended in 6 ml of ice-cold buffer consisting of 20 mM Tris-HCl (pH 7.2), 2 mM 
DTT, 0.25 mM EDTA, 10 ng/ml leupqjtin. and 10 (tg/ml pepstatin. The suspension was 
transferred to a cell nitrogen-disruption bomb (Parr, Moline, IL, cat #4639) that had been 
rinsed thoroughly and chilled on ice before use. The bomb chamber was connected to a 
nitrogen tank and the pressure was brougln slowly to 1000 psi. The chamber was left on ice 
1 5 under the same pressure for 30 minutes and then the pressure was released slowly. The 
material was transferred to an Eppendorf tube and centrifugcd in a microcentrifiige at 
10,000 g fori 0 minutes. The supernatant (S-10) was divided into smafler samples and 
frozen at -80°C . This method ofextiactpieparationbased on the use ofacell nitrogen- 
disruption bomb extract preserves the activity to in vitro ubiquitinate p27 better than the 
20 method previously described (Pagano et al., 1995, Science 269:682-685). 

R^fignts and nnlihoHif s Ubiquitin aldehyde (Hershko & Rose, 1 987, Proc, Natl. Acad. 

Sci. USA 84:1829-33), methyl-ubiquitin (Hershko & Heller, 1985. Bioehem. Biophys. Res. 

Commun. 128:1079-86) and pl3 beads (Brizuela et al., 1987. EMBO J. 6:3507-3514) were 
25 prepared as described, p, y-imidoadenosine-50-triphosphate (AMP-PNP), staurosporine. 

hexokinase, and deoxy-glucose were from Sigma; lovastatine obtained from Merck; 

flavopiridol obtained from Hoechst Marion Roussel. The phospho-site p27 specific 

antibody was generated in collaboration with Zymed hic. by injecting rabbits with the 

phospho-peptide NAGSVEQT*PKKPGLRRRQT (SEQ ID NO: 85). corresponding to the 
30 carboxy terminus of the human p27 with a phosphothreonine at position 187 (T*). The 

antibody was then purified from serum with two rounds of affinity chromatography using 

both phospho- and nonphospho-peptide chromatography. All the other antibodies are 

described in Section 6. 1 . 

35 Iramunodeplciion Assays For immunodepletion assays, 3 pi of an Skp2 antiserum was 
adsoAed to 1 5 pi Affi-Prep Protein-A beads (BioRad), at 4"'C for 90 min. The beads were 
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washed and then mixed (4''C, 2 hours) with 40 fil of HeLa extract (approximately 400 jig of 
protein). Beads were removed by centrifugation and supematants were filtered through a 
0.45-n Microspin filter (^^iHipore). Immunoprecipitations and immunoblots were 
performed as described (M. Pagano, et al., 1995, supra. Rabbit polyclonal antibody against 

5 purified GST-Skp2 was generated, affinity-purified (AP) and characterized as described (M. 
Pagano, in Cell Cycle-Materials and Methods , M. Pagano Ed. (Springer, NY, 1995), chap. 
24; E. Harlow and D. Lane, in Usbg antibodies. A Laboratory Manual (Cold Spring 
Harbor Laborator>', Cold Spring Harbor, NY, 1998), in collaboration with Zymed Inc. (cat # 
51-1 900). Monoclonal antibodies (Mabs) to human Cul 1 , and cyclin E, (Faha et al., 1 993, 

10 J. of Virology 67:2456); AP rabbit antibodies to human p27, Skpl (Latrcs et al., 1999, 
Oncogene 18:849), Cdk2 (Pagano. et al., 1992. Science 255: 1144) and phospho-sitep27 
specific antibody. Mab to cyclin B was from Santa Ctuz (cat # sc-245); Mabs to p21 (cat # 
C24420) and p27 (cat # K25020) Transduction lab; anti-Flag rabbit antibody from Zymcd 
(cat # 71-5400). An AP goat antibody to an N-terminal Skp2 peptide (Santa Cruz, cat # sc- 

15 1 567) was used. 

Construction of Skp2 F-box mutant (AF)Skp2 mutant was obtained by removing a 

DNA fi-agment (nucleotides 338-997) withBspEI and Xbal restriction enzymes, and 
replacing it with a PCR fragment containing nucleotides 457 to 997. The final construct 
20 encoded a protein lacking residues 113-152. 

Recombinant proteins cDNA firagments encoding the following human proteins: 
Flag-tagged FBPl, Flag-tagged (AF)FBP1, Flag-tagged FBP3a, Skp2, HA-tagged Cull, 
HA-tagged Cul2, P-catcnin, His-tagged cyclinDl, Skpl, His-tagged Skpl, His-tagged 

25 Elongin C were inserted into the baculovirus e.vprcssion vector pBacpak-8 (Clonctech) and 
cotransfected into Sf9 cells with linearized baculovirus DNA using the BaculoGold 
transfection kit (Phamiingen). Baculoviruses expressing human His-tagged cyclin E and 
HA-tagged Cdk2 were supplied by D. Morgan {Dea&i, 1 992, Molecular Biology of the Cell 
3 : 571 ), Recombinant viruses were used to infect 5B cells and assayed for expression of 

30 their encoded protein by immunoblotting as described above. His-proteins were purified 
with Nickel-agarose (Invitrogen) according to the manufacturer's instructions. The different 
complexes were formed by co-expression of the appropriate baculoviruses and purified by 
nickel-agarose chromatography, using the His tag at the 5' of Skpl and cyclin E, Unless 
otherwise stated, recombinant proteins were added to incubations at the following amounts: 

35 cyclin E/Cdk2, ~0.5 pmol; Skpl, -0.5 pmol; Skp2, -0.1 pmol; FBPl, -0.1 pmol; FBP3a, 
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~0. 1 pmol, Cull, --O.l pmol. The molar ratio of Skpl/Skp2, Skpl/FBPl, Skpl/FBP3a, and 
Skp 1/Cul 1 in the purified preparations was ~5. 

Extract preparation and cell synchronization. Transien t transfections. Immunoprecipitation 
5 m4 InHPUBOblotting Methods were carried out as described in Section 6. l.jttpm. 

8.2 RESULTS 

8.2.1 p27 IN VITRO UBIQUITINATION ASSAY 

In an exemplar>' in vitro ubiquitination assay, logarithmically growing, 
1 0 HcLa-S3 cells were collected at a density of 6x 1 05 cells-'ml. Cells are arrested in Gl by 48- 
hour treatment with 70 \iM lovastatin as described (O'Connor &. Jackman, 1995 in Cell 
Cycle-Materials and Methods, M. Pagano, ed., Springer, NY, chap. 6). 1 jil of in vitro 
translated [35S]p27 is incubated at 30°C for different times (0 - 75 minutes) in 10 jil of 
ubiquitination mix containing: 40 mM Tris pH 7.6, 5 rnM MgClj, 1 mM DTT, 10 % 
15 glycerol, 1 mM ubiquitin aldehyde, 1 mg-ml methyl ubiquitin, 10 mM creatine phosphate, 
0. 1 mg/ml creatine phosphokinase, 0.5 mM ATP, 1 okadaic acid, 20-30 ftg HeLa cell 
extract. Ubiquitin aldehyde can be added to the ubiquitination reaction to inhibit the 
isopeptidases that would remove the chains of ubiquitin fiom p27. Addition of methyl 
ubiquitin competes with the ubiquitin present in the cellular extracts and terminates p27 
20 ubiquitin chains. Such chains appear as discrete bands instead of a high molecular smear. 
These shorter polyubiquitin chains have lower affinity for the proteasomc and therefore are 
more stable. Reactions are terminated with Laemmli sample buffer containing P- 
mercaptoethanol and the products can be analyzed on protein gels under denaturing 
conditions. 

25 Polywbiquitinatedp27 forms are identified by autoradiography. p27 

degradation assay is performed in a similar manner, except that (i) Methylated ubiquitin and 
ubiquitin aldehyde were omitted; (ii) The concentration of HeLa extract is approximately 7 
Hg/fil; (iii) Extracts arc prepared by hypotonic lysis (Pagano et al, 1995, Science 269:682), 
which preserves proteasome activity better than the nitiBgen bomb disruption procedure. In 

30 the absence of methyl ubiquitin, p27 degradation activity, instead of p27 ubiquitination 
activity, can be measured. 

The samples are immunoprecipited with an antibody to p27 followed by a 
subsequent immunoprecipitation with an anti-ubiquitin antibody and run on an 8% SDS gel. 
The high molecular species as determined by this assay are ubiquitinated. As a control, a 

35 p27 mutant lacking all 13 lysines was used. This mutant form of p27 is not ubiquitinated 
and runs at higher molecular wei^t on the 8% SDS gel. 
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8.2.2 p27-Skp2 INTERACTION ASSAYS AND p27-Skp2 IMMUNODEPLETION 
ASSAY 

The recruitment of specific substrates by yeast and human FBPs to 
Skpl/cullin complexes is phosphorjlation-dspendenl. Accordingly, peptides derived from 

5 IkBq and p-catenin bind to FBPl specifically and in a phosphorylation-dependent manner 
(Yaron, 1998, Nature 396: 590; Winston et al., 1999, Genes Dev. U.: 270). A p27 phospho- 
peptide with a phosphothieonine at position 1 87 was assayed for its ability to bind to hiiman 
FBPs, including Skp2 and the FBPl, FBP2. FBP3a, FBP4, FBPS, FBP6. and FBP7, 
isolated by using a 2-hybrid screen using Skpl as bait, as described in Section 6, above. 

1 0 Foitf of these FBPs contain potential substrate interaction domains, such as WD-40 domains 
in FBPl and FBP2, and leucine-rich repeats in Skp2 and FBP3a. The phospho-p27 peptide 
was immobilized to Sepharose beads and incubated with these seven in vitro translated 
FBPs (Figure 37A). Only one FBP, Slcp2, was able to bind to the phospho-T187 p27 
peptide. Then, beads linked to p27 pqjtides (in either phosphorylated or unphosphoiylated 

1 5 forms) or with an unrelated phospho-peptide were incubated with HeLa cell extracts. 
Proteins stably associated with the beads were examined by immunoblotting. Skp2 and its 
associated proteins, Skpl and Cull, were readily detected as proteins bound to the phospho- 
p27 peptide but not to control peptides (Figure 37B). 

To further study p27 association to Skp2, in vitro translated p27 was 

20 incubated with either Skpl/Skp2 complex, cyclin E/Cdk2 complex, or the combination of 
both complexes under conditions in which p27 is phosphorylated on T 1 87 by cyclin E/Cdk2 
(Montagnoli, A., et al., 1999, Genes & Dev 13: 11 81). Samples were then 
immunoprecipitated with an anti-Skp2 antibody. p27 was co-unmunoprecipitated with 
Skp2 only in the presence of cyclin E/Cdk2 complex (Fig. 37C). Notably, under the same 

25 conditions, a Tl S7-to-alaninc p27 mutant, p27(Tl 87A), was not co-immunoprecipitated by 
the anti-Skp2 antibody. Finally, we tested Skp2 and p27 association in vivo. Extracts &om 
HeLa cells and IMR90 human diploid fibroblasts were subjected to immunoprecipitation 
with two different antibodies to Skp2 and then immunoblotted. p27 and Cull , but not 
cyclin Dl and cyclin Bl, were specifically detected in Skp2 immunoprecipitates (Fig. 38). 

30 Importantly, using a phospho-T187 site p27 specific antibody we demonstrated that the 
Skp2-bound p27 was phosphorylated on T187 (Fig. 38, lane 2, bottom panel). Furthermore, 
an anti-peptide p27 antibody specifically co-immunoptecipitated Skp2. These results 
indicate that the stable interaction of p27 with Skp2 was highly specific and d^endait upon 
phosphorylation of p27 on T187. 

35 A cell-free assay for p27 ubiquitination which faithfully reproduced the cell 

cycle stage-specific ubiquitination and degradation of p27 has been developed (MontagaoU 
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et al., supra). Using this assay, a p27-ubiquitin ligation activity is higher in extracts from 
asynchronously growing cells flian in those from Gl -arrested cells (Figure 39A, lanes 2 aad 
4). In accordance with previous findings (Montagnoli, A., et al., supra), the addition of 
cyclin VJCdkl stimulated the ubiquitinatton of p27 in both types of extracts (Figure 39A, 
5 lanes 3 and 5). However, this stimulation was much lower in extracts from Gl -arrested 
cells than in those from growing cells, suggesting that in addition to cyclin E/Cdk2, some 
other component of the p27-ubiquitin ligation system is rate-Umiting in Gl . This 
component could be Skp2 since, in contrast to other SCF subunits, its levels are lower in 
extracts from Gl cells than in those from asynchronous cells and are inversely correlated 
10 with levels of p27 (Figures 39B and 43). Skp2 was thus tested to determine if it is a rate- 
limiting component of ap27 ubiquitin ligase activity . The addition of recombinant purified 
Skpl/Skp2 complex alone to Gl extracts did not stimulate p27 ubiquitination significantly 
(Figure 39A, lane 6). bi contrast, the combined addition of Skp]/Skp2 and cyclin E/Cdk2 
complexes strongly stimulated p27 ubiquitination in Gl exttacts (Figure 39A, lane 7). 
1 5 Similarly, the combined addition of Slq>l/Skp2 and cycUn E/Cdk2 strongly stimulated p27 
proteolysis as measured by a degradation assay (Figure 39A, lanes 13-16). Since the 
Skpl/Skp2 complex used for these experimeats was isolated from insect cells co-expressing 
baculovirus His-tagged-Skpl and Skp2 (and co-purified by m'ckel- agarose 
chromatography), it was possible that an insect-derived F-box protein co-purificd with ffis- 
20 Skpl and was responsible for the stimulation of p27 ubiquitination in Gl extracts. This 
possibility was eliminated by showing Uiat the addition of a similar amount of His-tagged- 
Skp 1 , expressed in the absence of Skp2 in insect cells and purified by the same procedure, 
did not stimulate p27 ubiquitination in the presaice of cyclin E/Cdk2 (Figure 39A, lane 8). 
Furthermore, we found that neither FBPl nor FBP3a could replace Skp2 for the stimulation 
25 of p27-ubiquitin ligation in Gl exfracts (Figure 39A, lanes 9-12). Stimulation of p27- 
ubiquitination in Gl extracts by the combined addition of Skp]/Skp2 and cyclin ECdlc2 
could be observed only wth wild-type p27, but not with the p27(T187A) mutant (lanes 17- 
20), indicating that phosphorylation of p27 on T187 is required for the Skp2-mediated 
ubiquitination of p27. These findings indicated that both cyclin E/Cdk2 and Skpl/Skp2 
30 complexes are rate-limiting for p27 ubiquitination and degradation in the Gl phase. 

To further investigate the requirement of Skp2 for p27 ubiquitin ligation, 
Skp2 was specifically removed from extracts of asynchronously growing cells by 
immunodepletion with an antibody to Skp2. The immunodspletion procedure efficiently 
removed most of Skp2 from these extracts and caused a drastic reduction of p27-ubiquitin 
35 ligation activity (Figure 40A, lane 4) as well as of p27 degradation activity. This eflk;t was 
specific as shown by the following observations: (i) Similar h-eatinent with pre-immune 
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serum did not inhibit p27-ubiquitiiialion (Figure 40A, lane 3); (ii) Pre-incubation of anti- 
Skp2 antibody with recombinant GST-Skp2 (lane 5), but not with a control protein (iane 4), 
prevented the immunodeplaion of p27-ubiquitination activity from extracts; (iii) p27- 
ubiquitinating activity couid be restored in Skp2-depleted extracts by the addition of His- 
Siq>l/Skp2 complex (Figure 40B, lane 3) but not His-Skpl (lane 2), His-Skpl/Cull 
complex (lane 4), or His-Skpb'FBPl . 

We then immunoprecipitated Skp2 from HeLa extracts and tested whether this 
immunoprecipitate contained a p27 ubiquitinating activity. The anti-Skp2 beads, but not a 
immunoprccipitate made with a pre-immmie (PI) serum, was able to induce p27 
ubiquitination in the presence of cyclin E'Cdk2 (Figure 40C, lanes 2 and 3). The addition 
of purified recombinant El ubiquitin-activating enzyme, and purified recombinant Ubc3 did 
not greatly increase the ability of the Skp2 immunoprecipitate to sustain p27 ubiquitination, 
(Figure 40C, lane 5), likely due to the presence of both proteins in the rabbit reticulocyte 
lysate used for p27 in vitro translation. 

8.2.3 F-BOX DELETED SKP2 MUTANT STABILIZES p27 IN VIVO 

Skp2 also targets p27 for ubiquitin-mediated degradation in vivo. The F- 
box-deleted FBP 1 mutant, (AF)FBP 1 , acts in vivo as a dominant negative mutant, most 
likely because without the F-box is unable to bind Skpl/Cull complex but retains the abiUty 
to bind its substrates. Therefore, once expressed in cells, (AF)Fb sequesters P-catenin and 
IKBa and causes their stabilization. An F-box deleted Skp2 mutant, (AF)Skp2, was 
constructed. p27 was expressed in murine cells either alone or in combination witli 
(AF)Skp2 or (AF)FBPl (sec Figure 41). The presence of (AF)Skp2 led to the accumulation 
of higher quantities of p27. To determine whether this accumulation was due to an increase 
in p27 stability, the half-life of p27 was measured using pulse chase analysis (for details, 
see Section 8, above), indeed, (AF)Skp2 prolonged p27 half-life fi-om less than 1 how to 
~3 hours. Since in these experiments the efliciency of transfcction was approximately 10%, 
(AF)Skp2 affec ted only the stability of co-expressed human exogenous p27, but not of 
murine endogenous p27. 

8.2.4 SKP2 ANTISENSE EXPERIMENTS 

SKP2 mRNA was targeted with antisense oligonucleotides to determine 
whether a decrease in Skp2 levels would influence the abundance of endogenous p27. Two 
different antisense oligos, but not control oiigodcoxynucleotides induced a decrease in Skp2 
protein levels (Figure 42). Concomitant with the Skp2 decrease, there was a substantial 
increase in the level of endogenous p27 protein. Similar results were obtained with cells 



-90- 



wo 80/12679 



PCT/US99/I9S60 



blocked at the Gl/S transition with hydroxyurea or aphidicolin treatment (lanes 9-16). 
Thus, the effect of the SKP2 antisense oligos on p27 was not a secondary consequence of a 
possible block in Gl due to the decrease in Skp2 levels. 

Antisense experiments were performed as described in (Yu, 1998, Proc. Natl. 

5 Acad. Sci. U. S. A. 95: 1 1324). Briefly, four oiigodeoxynucleotides tiiat contain a 
phosphorothioate backbone and C-5 propyne pyrimidines were synthesized (Keck 
Biotechnology Resource Laboratory at Yale University): (1) 5'- 
CCTGGGGGATGTTCTCA-3' (SEQ ID NO: 86) (the antisense direction of human Skp2 
cDNA nucleotides 180-196); (2) 5'-GGCTrCCGGGCATTTAG-3' (SEQ ID NO: 87) [the 

10 scrambled control of (1)]; (3) 5'-CATCTGGCACGATTCCA-3' (SEQ ID NO: 88) (the 
antisense direction of Skp2 cDNA nucleotides 1 137-1 153); (4) 5'- 
CCGCTCATCGTATGACA-3' (89) [the scrambled control for (3)]. The oligonucleotides 
were delivered into HeLa cells using Cytofectin GS (Glen Research) according to the 
manufacturers instructions. The cells were then harvested between 1 6 and 1 8 hours 

15 postransfection. 



9. EXAMPLE: ASSAY TO IDENTIFY AN FBP INTERACTION WITH A CELL 
CYCLE REGULATORY PROTEIN (e.g., SKP2 with E2F) 

The following study was conducted to identify novel substrates of the known 

20 FBP, Skp2. 

As shown in Figure 44, E2F-I, but not other substrates of the ubiquitin 
pathway assayed, including p53 and Cyclin B, physically associates vnlh Skp2. Extracts of 
insect cells infected with baculoviiuses co-expressing Skp2 and E2F-1. Oanes 1,4 and 5), or 
Skp2 and hexa-histidine p53 CHis-p53) (lanes 2,6.7,1 0 and 1 1), or Skp2 and His-Cyclin B 

25 (lanes 3,8,9,12, and 13) were either directly immunoblotted with an anti-serum to Skp2 
(lanes 1 - 3) or first subjected to immunoblotted with an anti-scrum to Skp2 (lanes 1 - 3) or 
first subjected to immunoprecipitation m\h the indicated antibodies and then 
immunoblotted with an ami-scrum to Skp2 (lanes 4-13). Antibodies used in the 
immunoprecipitations are: nomial purified mouse immunoglobulins (IgG) (lane 4,6,10 and 

30 1 2), purified mouse monoclonal anti-E2F-l antibody (KH-95, from Santa Cruz) (lane 5), 
purified mouse monoclonal anti-p53 antibody (DO-1, from Oncogene Science) (lane 7), 
purified rabbit IgG (lane 8), purified rabbit polyclonal anti-CycIin B antibody (lane 9), 
purified mouse monoclonal anti-His antibody (clone 34660, from Qiagen) (lanes 1 1 and 
13). 

35 As shown in Figure 44B, Skp2 physically associates with E2F-1 but not with 

other substrates of the ubiquitin pathway (p53 and Cyclin B). Extracts of insect cells 
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infected with baculovinises co-expressiag Skp2 and E2F-1 (lanes I - 3), or Skp2 and His- 
p53 (lanes 4 - 6), or Slq)2 and His-Cyclin B (lanes 7 - 9) were either directly inuniinoblotted 
with aatibodies to the indicated proteins (lanes 1,4 and 7) or fiist subjected to 
immunoprectpitation with the indicated anti-sera and then inununoblotted with antibodies to 

5 the indicated proteins (lanes 2,3,5,6,8 and 9). Anti-sera used in the immunoprecipitations 
are: anti-Skp2 serum (lanes 2,5 and 8), and normal rabbit serum (MRS) (lane 3,6 and 9). 

As shown in Figure 44C, E2F-1 physically associates with Skp2 but not with 
another F-box protein (FBPl). Extracts of insect cells infected with baculovinises co- 
expressing Skp2 and E2F-1 (lanes 1,3 and 4), or Flag-tagged-FBPl and E2F-1 (lanes 2,5 

10 and 6) were either directly immunoblotted with a mouse monoclonal anti-E2F-l antibody 
(lanes 1 and 2) or firet subjected to immunoprecipitation with the indicated antibodies and 
then immunoblotted with a mouse monoclonal anti-E2F-l antibody (lanes 3 - 6). 
Antibodies used in the immunoprecipitations are: aiiti-Skp2 serum (lanes 3), NRS (lane 4), 
purified rabbit polyclonal anti-Flag (lane 5), purified rabbit IgG (lane 6). 

1 5 The methodology used in this example can also be applied to identify novel 

substrates of any FBP, including, but not limited to, the FBPs of the invention, such as 
FBPl, FBP2, FBP3a, FBP3b, FBP4, FBPS, FBP6, FBP7, FBPS, FBP9, FBPIO, FBPll, 
FBP12, FBP13, FBP14, FBP15, FBP16, FBP17, FBP18, FBP19, FBP20, FBP21, FBP22, 
FBP23,FBP24.andFBP25. 

20 

The invention is not to be hmited in scope by the specific embodiments 
described which arc intended as single illustrations of individual aspects of the invention, 
and functionally equivalent methods and components are within the scope of the invention. 
Indeed various modifications of the invention, in addition to those shown and described 
25 herein will become apparent to those skilled in the art from the foregoing description and 
accompanying drawings. Such modifications are intended to fall within the scope of the 
appended claims. 

All references cited herein are incorporated herein by reference for all 

purposes. 

30 



45 
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WHAT IS CLAIMED IS: 

1 . An isolated nucleic acid molecule comprising a nucleotide sequence which encodes 
5 a protein comprising the amino acid sequence of SEQ ID NO: 4, 6, 8, 10, 1 2, 1 4, 24, 26, 28, 

30, 32, 34, 36, 38, 40, 42. 44, 46, 48. 50. 52, 54. 56, 58, or 60. 

2. An isolated nucleic acid molecule which encodes an F-box protein, or a fragment 
thereof, having a nucleotide sequence that: 

1 0 a) hybridizes under highly stringent conditions to the nucleotide 

sequence of SEQ ID NO: 3, 5, 7, 9, 1 1 or 13; and 
b) does not encompass the nucleotide sequences which encode the 

following known F-box proteins: Cdc4, Grrl, Met30, Skp2, Cyclin F, 
Elongin A or mouse Md6. 

15 

3. An isolated nucleic acid sequence derived &om a mammalian genome that: 

a) hybridizes under highly stringent conditions to the nucleotide 
sequence of SEQ ID NO: 3, 5, 7, 9, 11 or 13; and 

b) encodes a gene product which contains an F-box motif and binds to 
20 Skpl. 

4. An isolated nucleic acid molecule which encodes an F-box protein, said nucleic acid 
molecule having a nucleotide sequence of SEQ ID NO: 23, 25, 27, 29, 31, 33, 35, 37, 39, 

4 K 43, 45, 47, 49, 51 , 53. 55, 57, or 59. 

25 

5. A nucleotide vector containing the nucleotide sequence of Claim 1, 2, 3, or 4. 

6. An expression vector containing the nucleotide sequence of Claim 1 , 2, 3, or 4 in 
operative association with a nucleotide regulatory sequence that controls expression of the 

30 nucleotide sequence in a host cell. 



7. A genetically engineered host cell that contains the nucleotide sequence of Claim 1 , 
2, 3, or 4 in operative association with a nucleotide regulatory seqtience that controls 
expression of the nucleotide sequence in the host cell. 
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8. A transgenic animal having cells which harbor a Iraiosgene comprising the nucleic 
acid of Claim 1,2, 3, or 4. 

9. An animal inactivated in the Icxi comprising the nucleotide sequence of Claim 1,2, 
5 3, or 4. 

10. An isolated F-box protein having the amino acid sequence of SEQ ID NO: 4, 6, 8, 
10, 12. 14. 24, 26. 28, 30. 32, 34. 36, 38. 40. 42, 44, 46, 48. 50. 52, 54, 56, 58. or 60. 

10 1 1. An antibody that immunospccifically binds the polypeptide of Claim 10. 

12. A method of diagnosing proliferative and differentiative related disorders 
comprising measuring FBP gene expression in a patient sample. 

15 13. A method for screening compounds useful for the treatment of proliferative and 
differentiative disorders comprising contacting a compound with a cell expressing an F-box 
protein having the amino acid sequence of SEQ ED NO: 2. 4, 6, 8. 10, 12. 14, 24. 26, 28. 30, 
32. 34, 36, 38, 40, 42, 44, 46, 48, 50, 52. 54, 56, 58, or 60, or a fragment thereof; and its 
substrate, and detecting a change in the F-box protein activity. 

20 

14. The method of Claim 13 wherein the change in the F-box protein activity is detected 
by detecting a change in the interaction of the F-box protein with one or more proteins. 

1 5. The method of Claim 14 in which one of the one or more proteins is the substrate of 
25 the F-box protein. 

16. The method of Claim 13 in which at least one ofthe one or more proteins is a 
component of the ubiquitin pathway. 

30 1 7. The method of Claim 13 in which one ofthe one or more proteins is Skpl . 

18. The method of Claim 13 in which the F-box protein is Fbpl and the substrate is P- 
catenin or IKBa. 

35 19. The method of Claim 13 wherein the change in the F-box protein activity is detected 
by detecting a change in the ubiquitination or degradation ofthe substrate. 
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20. A method for screening compounds useful for the treatment of proliferative and 
differentiative disordeis comprising contacting a compound with a cell or a cell extract 
expressing Skp2 and one or more of p27 and E2F, and detecting a change in the activity of 



21 . The method of Claim 20 wherein the change in the activity of Slq>2 is detected by 

detecting a change in the interaction of Skp2 with p27 and E2F. 

22. The method of Claim 20 wherein the change in the activity of Skp2 is detected by 
detecting a change in the ubiqiiitination or degradation of p27 or E2F. 

23. A method for treating a proliferative or differentiative disorder in a mammal 
comprising administering lo the mammal a compound to the mammal that modulates the 

1 5 synthesis, expression or activity of an FBP gene or gene product so that symptoms of the 
disorder are ameliorated. 

24. The method of Claim 23 in which the disorder is breast cancer. 

20 

25. The method of Claim 23 in which the disorder is ovarian cancer. 

26. The method of Claim 23 in which the disorder is prostate cancer. 

25 27. The method of Claim 23 in which the disorder is small celllimg carcinoma. 
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10 20 30 40 50 60 

MDPAEAVLQEKALKFMNSSEREDCNNGEPPRK 1 1 PEKNSLRQTYNSCARLCLNOETVCLA 

70 80 90 100 110 120 

STAMKTENCVAKTKLANGTSSMIVPKQRKLSASYEKEKELCVKYFEQWSESDQVEFVEHL 

130 140 150 160 170 180 

I SQfCHYGHGH [ NSYLKPMLQRDF 1 TALPARGLDH 1 AEN 1 LSYLDAKSLCAAELVCKEWY 

190 200 210 220 230 240 

RVTSDGMLWKKL 1 ERMVRTDSLWRGLAERRGWGQYLFKNKPPDGNAPPNSFYRAL YPK 1 1 

250 260 270 280 290 300 
QDIETIESNWRCGRHSLQRIHCRSETSKGVYCLQYDDQKIVSGLRDNTIKIWDKNTLECK 

310 320 330 340 350 360 
RILTGHTGSVLCLQYDERVIITGSSDSTVRVWDVNTGEMLNTLlHHCEAVLHLRFNNGli*/! 

370 380 390 400 410 420 

VTCSKDRS I AVWDMASPTD I TLRRVLVGHRAAVNVVDFDDKY I VSASGDRT I KVWNTSTC 

430 440 450 460 470 480 

EFVRTLNGHKRG I ACLOYRDRL WSGSSDNT I RLWD I ECGACLRVLEGHEELVRCIRFDN 

490 500 510 520 530 540 
KR 1 VSGAYDGK I KVWDLVAALDPRAPAGTLCLRTL VEHSGRVFRLQFDEFQI VSSSHDDT 

550 560 
1 L I WDFLNDPAAQAEPPRSPSRTYTYISR 



FIG.3A 
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10 20 30 40 50 60 

MERKOFETWLDNISVTFLSLTDLQKNETLOHLISLSGAVQLRHLSNNLETLLKRDFLKLL 

70 80 90 100 110 120 

PLELSFYLLKWLOPQTLLTCCLVSKQWNKVISACTEVWQTACKNLGWQIDDSVQOALHWK 

130 140 150 160 170 180 

KVYLKAILRMKQLEDHEAFETSSLIGHSARVYALYYKDGLLCTGSDDLSAKLWDVSTGQC 

190 200 210 220 230 240 

VYGIQTHTCAAVKFDEQKLVTGSFDNTVACWEWSSGARTQHFRGHTGAVFSVDYNDELDI 

250 260 270 280 290 300 
L VSGSADFTVKVWALSAGTCLNTLTGHTEWVTKWLQKCKVKSLLHSPGDY 1 LLSADKYE 

310 320 330 340 350 360 

IKIWP1GRE[NCKCLKTLSVSEDRS!CLQPRLHFOGKY[VCSSALGLYOM)FASYOILRV 

370 380 390 400 410 420 

I KTPE I ANLALLGFGD 1 FALLFDNRYLY I kfiLRTESL ISRWPLPE YRESKRGSSFLAGEH 



PG 

FIG.4A 
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10 20 30 40 50 60 
M<RGGRDS0RNSSEEGTAEKSKKLRTTNEHSQTCD«GNLLC10I1LQVFKYLPLLDRAHAS 

70 80 90 100 no 120 

OVCR,WVFHI^DLWRCFErELNQPATSYLKATHPEL IKQ! IKRHSNHLQYVSFKVDSS 

130 140 150 160 170 180 
KESA£AACDILSQLVNCSLKTLGLISTARPSFM3LPKSHriSALTWFVNSKSLSSLK[D 

190 200 210 220 230 240 
DTPVDDPSLKVLVANNSDTLKLLKMSSCPHVSPAGILCVADQCHGLRELALNYHLLSDEL 

250 260 270 280 290 300 
LLALSSEKHVRLEHLRIOVVaifGQTIfHriClKSSWDAFIRHSPKVNLVMYFFLYEEEF 

310 320 330 340 350 360 
DPFFRYEIPATHLYFGRSVSKOVLGRVGMTCPRLVELVVCAhlGLRPLOEELlRIAERCKN 

370 380 390 400 410 420 
LSAIGLGECEVSCSAFVEFVKMCGGRLSaSIMEEVLIPDQKYSLEOIHWEVSKHLGRVW 

FPDWPTW 

FIG.5A 
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10 20 30 40 50 60 

MKRNSLSVENKIVQLSGAAK0PKVGFYSSLNQTHTHTVLLDW3SLPHHWLQIFQYLPLL 

70 80 90 100 110 120 

DRACASSVCRRWNEVFHISDLWRKFEFELNQSATSSFKSTHPDL IQQI ] KKHFAHLQYVS 

130 140 150 160 170 180 

FKVDSSAESAE AACD 1 LSQL VNCS I QTLGL I STAKPSFMNVSESHF VSAL T WF ] NSKSL 

190 200 210 220 230 240 

SSIKIEDTPVDDPSLKILVANNSDTLRLPKMSSCPHVSSDGILCVADRCQGLRELALNYY 

250 260 270 280 290 300 

I L TD£ LF LALSSETHVNLEHLR I DVVSENPGQ I KFHAVKKHSWDAL I KHSPRVNWMHFF 

310 320 330 340 350 360 
LYEEEFETFFKEETPVTHLYFGRSVSKWLGRVGLNCPRL lELWCANDLQPLDNEL ICl 

370 380 390 400 410 420 

AEHCTNLTALGLSKCEVXSAFlRFVRLCERRLTQLSVyEEVLIPDEDYSLDEIHTEVSK 

430 

YLGRW/FPDVMPLW 

FIG.6A 
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10 20 30 40 50 60 

ACATTTTCTMTGTTTACAGAATGAAbAGGAACAGTTTATCTGTTGAGAATAAAATTGTCCAGTTGTCA 

70 80 90 100 110 120 130 

GGAGCffiCGAAACAGCCAAAAGTTGGGTTCTACTCTTCTCTCAACCAGACTCAIACACACACGGTTCTT 

140 150 160 170 180 190 200 
CTAGACTGGGGCAGTTTGCCTCACCATGTAGTATTACAAATTmCAGTATCTTCCTTTACTAGATCGG 

210 220 230 240 250 260 270 
GCCTGTGCATCTTCTGTATGTAGGAGGTGGAATGAAGTTTTTCATArTTCTGACCTTTGGAGAAAGTTT 

280 290 300 310 320 330 340 
GAATTTGAACTGAACCAGTCAGCrACTTCATCTTTTAAGTCCACTCATCCTGATCTCATTCAGCAGATC 

350 360 370 380 390 400 410 
ATTAAAAACCATTTTGCTCATCTTCAGTATGTCAGCTTTAACGTTGACAGT/IGCGCTGAGTCAGCAGAA 

420 430 440 450 460 470 480 
GCTGCCTG7GATATACTCTCTCAGCTGGTAAATTGTTCCATCCAGACCTTGGGCTTGATTTCAACAGCC 

*90 500 510 520 530 540 550 
AAGCCAAGTTTCATGAATGTGTCGGAGTCTCATTTTGIGTCAGCACTTACAGTTGTTTTTATCAACrCA 

550 570 580 590 600 610 620 

AAATCATTATCATCAATCAAAATrGAAGATACACCAGTGGATGATCCTTCATTGAAGATTCTTGTGGCC 

630 640 650 560 670 680 690 
AATAATAGTGACACTCTAAGACTCCCAAAGATGAGTAGCTGTCCTCATGTTTCATCTGATGGAATTCTT 

710 720 730 740 750 
TGTG I AGCTGACCGTTGTCAAGGCCTTAGACAACTGGCGTTGAATTATTACATCCTAACTGATGAACTT 
60 770 780 790 800 810 820 

TTCCTTGCACTCTCAAGCGAGACrCATGTTAACCTTGAACATCTTCGAATTGArGTTGTGAGTGAAAAT 
830 840 850 860 870 880 890 
CCTGGACAGATTAAATTTCArGCIGTTAAAAAACACAGTTGGGATGCACTTATTAAACATTCCCCTAGA 

900 910 920 930 940 950 960 
GTTAATGTTGTTATGCACTTCTTTCTATATGAAGAGGAATTCGAGACGrTCTTCAAAGAAGAAACCCCT 

FIG.6B 
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970 980 990 1000 1010 1020 1030 
GTTACTCACCTTTATTT!GGTa;TTCAGTCAG(mTOTTTTmCG(»TAa3TCTCAACTGTCCT 

1040 1050 1060 1070 1080 1090 1100 

CGACTGATTGAGTTAGTGGTGTGTGCTAATGATCTTCAGCCTCTTGATAATGAACTTATTIGTATTGCT 

1110 1120 1130 1140 1150 1160 1170 
GAACACTGTACAAACCTAACAGCCTTGGGCCTCAGCAAATGTGAAGTTAGCTGCAGTGCCTTCATCAGG 

1180 1190 1200 1210 1220 1230 1240 
TTTGTAAGACTGTGTGAGAGAAGGTTAACACAGCTCTCTGTAATGGAGGAAGTTTTGATCCCIGATGAG 

1250 1260 1270 1280 1290 1300 1310 
GATTATAGCCTAGATGAAATTCACACTGAAGTCTCCAAATACCTGGGAAGAGTATGGTTCCCTGATGTG 

1230 
ATGCCTCTCTGG 

FIG.6C 
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10 20 30 40 50 60 

MAGSEPRSGTNSPPPPFSDWSRLEAAILSGWKTFTOSVSKDRVARTTSREEVDEMSTLT 

70 80 90 100 110 120 

RLPIDVQLYILSFLSPHDLCQLGSTNHYWNETVRNPILVff?YFLLRDLPSWSSVDWKSLPY 

130 140 150 160 170 180 

LQILKKPISEVSDGAFFDYMAVYLMCCPYTRRASKSSRPMYGAVTSFLHSL I IPNEPRFA 

190 200 210 220 230 240 

LFGPRLEOLNTSLVLSLLSSEELCPTAGLPOROlDGlGSGVNFaNNQHKFNILlLYSTT 

250 260 270 280 290 300 
RKERORAREEHTSAVNKKfSRHNEGDDRPGSRYSVIPQIOKLCEWDGFIYVANAEAHKR 

310 320 330 340 350 360 
HEWQDEFSHIMAMTDPAFGSSGRPLLVLSC I SQGDVKRMPCFYLAHELHLNLLNHPWLVQ 

370 380 390 400 410 420 

DT£AETLTGFLNGlEWlLEEVESKRAR»FSFQ]LGTETbNLLLRS.CEYLLSQPTLSCL 

430 440 450 460 470 480 

FADRLSFGa»LLCFLYYFYFLP*INYKKRVSVLVFSPKMNL*TFFW»FLYFLSF*KY*I 
L 

FIG.7A 
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10 20 30 40 50 60 
ATGGCGGGAAGCGAGCCGCGCAGCGGMCAMTTCGC(XCa;CCGCa:TTCAGCGACTG(m:a;CC^^ 

70 80 90 100 110 120 130 

GAGGCGGCCATCCTCAGCGGCTGGAAGACCTTCTGGCAGTCAGTGAGCAAGGATAGGGTGGCCCGTACG 

HO 150 160 170 180 190 200 
ACCTCCCGGGAGGAGGTGGATGAGGCGGCCAGCACCCTGACGCGGCTGCCGATTGATGTACAGCTArAT 

2'0 220 230 240 250 260 270 
ATrTTGTCCTTTCTTTCACCTCAIGATCTGTGTCAGTTGGGAAGTACAAATCATTATTGGAATGAAACT 

280 290 300 310 320 330 340 
GTAAGAMTCCAATTCTGTGGAGATACTTTTTGTTGAGGGATCTTCCTTCTTGGTCTTCTGTTGACTGG 

350 360 370 380 390 400 410 
AAGTCTCTTCCATATCTACAAATCTTAAAAAAGCCTATATCTGAGGTCTCTGATGGTGCATTTTTTGAC 

420 430 440 450 460 470 480 
TACATGGCAGTCTATCTAATGTGCTGTCCATACACAAGAAGAGCrTCAAAATCCAGCCGTCCTATGTAT 

490 500 510 520 530 540 550 
GGAGCTGTCACTTCTTTTTTACACTCCCTGATCATTCCCAATGAACCTCGATTTGCTCTGTTTGGACCA 

560 570 580 590 600 610 620 
CGTTTGGAACAATTGAATACCTCTTTGGTGTTGAGCTTGCTGTCTTCAGAGGAACTTTGCCCAACAGCT 

630 640 650 660 670 680 690 
GGITTGCCTCAGAGGCAGATTGATGGTATTGGATCAGGAGTCAATTTTCAGTTGAACAACCAACATAAA 

700 710 720 730 740 750 
TTCAACATTCTAATCTTArATTCAACTACCAGAAAGGAAAGAGATAGAGCAAGGGAAGAGCATACAAGT 

BO 770 780 790 600 810 820 
GCAGTTAACAAGATGTTCAGTCGACACAATGAAGGTGATGATCGACCAGGAAGCCGGTACAGTGTGATT 
830 840 850 850 870 880 890 

CCACAGATTCAAAAACIGTGTGAAGTTGTAGATGGGTTCATCTATGTTGCAAATGCTGAAGCTCATAAA 

900 910 920 930 940 950 960 
AGACATGAATGGCA^ATGAATTTTCTCATATTATGGCAATGACAGATCCAGCCTTTGGGTCTTCGGGA 

FIG.7B 
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970 980 990 1000 1010 1020 103O 
AGACCATTGTTGGTTTTATCTTGTATTTCTCAmGATGTAAAAAGAATGCCCTGTTTTTATTTGGCT 

1040 1050 1060 1070 1080 1090 1100 
CATG/5GCTGCATCTGAATCTTCIAAATCACCCATGGCTGGTCCAGGATAC/«AGGCTGAAACTCTGACT 

1110 1120 1130 1140 1150 1160 1170 
GGTTTTTTGAATGGCATTGAGTGGATTCTTGAAGAAGTGGAATCTAAGCGTGCAAGATGATTCTCTTTT 

1180 1190 1200 1210 1220 1230 1240 
CAGATCTTGGGAACTGAAACCATTTGAAATTTATTACTAAGGTCGTGATGTGAATATTTGCTCAGTCAG 

1250 1260 1270 1280 1290 1300 1310 

CCCACCTTGTCCTGCCTTTTTGCAGATAGGCTTTCATTTGGACAGCTATAACTGCTGTGTTTTTTATAr 

1320 1330 1340 1350 1350 1370 1380 
TATTTTTACTTTTTACCATAAArCAATIACAAGAAAAGAGTTTCAGTCCTWJTAITTAGCCCCAAAATG 

1390 1400 1410 1420 1430 1440 
AACCTTTAAACATTTTTTTGGTAATTTTTATATTTTCTGTCTTTTTAAAAATATTAAATTTTGG 

FIG.7C 
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10 20 30 40 50 60 

MSRRPCSCALRPPRCSCSASPSAVTAAGRPRPSDSCKEESSTLSVKMKCDFNCNHVHSGL 

70 80 90 100 110 120 

KLVKPDDIGRLVSYTPAYLEGSCKDCIKDYERLSCIGSPIVSPRIVOLETESKRLHNKEN 

130 140 150 160 170 180 

QHVQQTLNSTNEIEALETSRLYEDSGYSSFSLQSGLSEHEEGSLLEENFGDSLQSCLLQI 

190 200 210 220 230 240 

QSPDQYPNKNLLPVLHFEKWCSTLKKNAKRNPKVOREMLKEI lARGNFRLQNI IGRKMG 

250 250 270 280 290 300 
LECVDILSELFRRGLRHVLATILAQLSDMDLINVSKVSTTWKKILEDDKGAFQLYSKAIQ 

310 320 330 340 350 360 

RVTENNNKFSPHASTREYVMFRTPLASVQKSAAQTSLKKDAOTKLSNQGDOKGSTYSRHN 

370 380 390 400 410 420 

EFSEVAKTLKKNESLKACIRCNSPAKYDCYLQRATCKREGCGFDYCTKCLCNYHTTKOCS 

430 440 
DGKLLKASCKIGPLPGTKKSKKNLRRL 
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TTGTACAGTmCAATACAAAGAGTTACCGAAMCMCMIMTTTTCACCICArGCTTCAmJAGMFATGTTATGTW 

1040 1050 1060 1070 lOaO 1090 1100 1110 1120 
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TTAAAATTCTCAATACAAATCAAACAATTTAAArATTTTAAGAAAAAAGGAAAACTAGATAGTGATACTGACa 
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TTTTATGGTAAAGGAAACCCATGCAATTTTACCrmTCTTAAATATGTCTGGriTTCCATCTGTTAGCATTTCAGACATTTTATGT 
'^90 1800 1810 1820 1830 1840 1850 1860 1870 1880 
CTTACTCAATIGATACCA/.CAGAAATATCAACTICTGGAGTCTATTAAATGIGTTGrCACCTTTCTAAAGCTrTTTTTCATTGTGIGTATTTCC 
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CAAGAAAGTATCCTTTGTAMAACIIGCTTGTTTTCCTIATTTCTGAAATCIGTTTTAATATTTrTGTATAaTGTAAATATTTCTGTATTTTT 
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KIFYFLRSLHRNLLRNPCAENOMFAWQIOFNGGDRVnCVDSLPGAHGTEFPDPKVKKSFVT 

190 200 210 220 230 240 

SYELCLKWELVDLLADRYWEELLOTFRPOIWKDWFAARADOGCTYaKVaASADYFVL 

250 " 260 270 280 290 300 
ASFEPPPVTIQQWNNATWTEVSYTFSDYPRGVRYILFQHGGRDTQYWAGWYGPRVTNSSI 

310 320 330 
WSPKMTRN0ASSEAQP6QKHGQEEAAQSPYGAWQIF 
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TGFYPSEPLLCSESVEGQVPHSLETLYQSADCSDANDAL I VL 1 HLLMLESGYi PCXJTEAK 

190 200 210 220 230 240 
ALSLPEKWKLSGVYKLQYWiHLCEGSSATLTCVPLGNL 1 WNATLKINNE IRSVKRLQLL 

250 260 270 280 290 300 
PESF ICKEKLGENVANI YKDLQKLSRLFKOQLVYPLLAFTRQALNLPNVFGLWLPLELK 

310 320 330 340 350 360 
LRIFRLLDVRSVLSLSAVCRDLFTASNDPLLWRFLYLROFRDNTVRVQDTDWKELYRKRH 

370 380 390 400 410 420 

IQRKESPKGRFVLLLPSSTHTIPFYPNPLHPRPFPSSRLPF^ I IGGEYDQRPTLPYVGDP 

430 440 450 460 470 480 

ISSLIPGPGETPSQLPPLRPRFDPVGPLPGPNPILPGRGGPNORFPFRPSRGRPTDGRLS 
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PFG »KSPPRGQFVAAAVE I AGRSGLQMGQGLWRWRNQQLQQEGYSEQGYLTREQSRRMA 
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ASN I SNTNHRKQVOGG I D I YHLLKARKSKEQEGF ! NLEMLPPELSF T I LSYLNATDLCLA 

190 200 210 220 230 240 

SCVTODL ANOEL LWQGLCKSTWGHCS I YNKNPPLGFSFRKXYMQLDEGSL TFNANPDEGV 

250 260 270 280 290 300 
NYFMSKG I LODSPKE I AKF 1 FCTRTLNWKKLR I YLOERRDVLDDL VTLHNFRNQFLPNAL 

310 320 330 340 350 360 
REFFRH I HAPEERGEYLETL I TKFSHRFCACNPOH«ELGLSPDAVYVLCYSL I LLS IDL 

370 380 390 400 410 420 

TSPHVKNKMSKREF 1 RNTRRAAQN I SEDFVGHLYDN I YL IGHVAA*KAQLLGLQFLLQTK 

430 440 450 460 470 480 

ATQGLSRYGGY ISAGHCSLS IQSSFSVQPFFLLPFSI LVISLGN* I ILQNFS*FCLSRFA 

490 500 510 520 530 540 

QSRATV*HSC*RMIN»HYTLKDGVFVH*ICLKNFIHFHSLYKYHVMCTYLTKEIYSHNYF 

550 560 570 580 590 600 

]VKILTKVFPFLSN«VLKFI.F*SET1VXVKVRSDFRQKP1PASFSFKL*RVLICYYITM 

610 620 630 640 650 

QMNQLFL ♦YKF I ] »FF I LKTGL I KSR»VL • T I .DF .Nl K I YDLHS*E ^NK 1 XLELW 
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130 140 150 160 170 180 

FFSEHVPCNGFSO [ ENLEGPE I FFEDE LVC I LNf£GRKAL TWYYAKK I L YYLRQQK I LN 

190 200 210 220 230 240 

NLKAFLQQPDDYESYLEGAVY ! DOYCNPLSD I SLKD IQAQ IDS I VELVCKTLRG I NOTP 

250 260 270 280 290 300 

SLAFKAGESSMl ME 1 ELQSQVLDAMNYVLYDQLKFKGNRMDYYNALNL YMHQVL 1 RRTG I 

310 320 330 340 350 360 

P I SMSLL YLT I ARQLGVPLEPVNFPSHFLLRWCQGAEGATLD I FDY I Yl DAFGKGKarV 

370 380 390 400 410 420 

KECEYL IGOHVTAALYGWNVKKVLQRMVGNLLSLGKREG IDQSYOLLRDSLOLYLAMYP 

430 440 450 460 470 480 

DQVQL LLLQARL YFHLG I WPEKVLO I LQH IQTLDPGQHGAVG YL VQHTLEH I ERKKEE VG 

490 500 510 520 530 540 

VEVKLRSDEKTOVCYS IGL IM<HKRYGYNCVI YGWDPTCkWGHEWf RfAffWHSLPHGHH 

550 560 570 580 590 600 

QPFYNVLVEDGSCRYAAQENLEYNVEPQE ISHPDVGRYFSEFTGTHYIPNAELE IRYPED 

610 620 
LEFVYETVQNIYSAKKENIOE 

FIG.12A 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 00/12679 



36/87 



PCmiS99/19560 



10 20 30 40 50 60 

RSTGFRRAGEEWSR*XLAASPGXLRRPAXTFVLSNLAEWERVLTFLPAKALLRVACVCR 

70 80 90 

LWRECVRRVLRTHRSVTWISAGLAEAGHLXGH 

FIG.13A 



10 20 30 40 50 60 

CCGTAGTACTGGNTTCCGGCGGGCTGGTGAGGAATGGAGCCGGTAGNTGCTTGCGGCGAG 
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TCCCGGGNTCCTCCGTAGACCCGCGGANACCTTCGTGTTGAGTAACCTGGCGGAGGTGGT 

130 140 150 160 170 180 

GGAGCGTGTGCTCACCTTCCTGCCCGCCAAGGCGTTGCTGCGGCTGGCCTGCGTGTGCCG 

190 200 210 220 230 240 

CrTATGGAGGGAGTGTGTGCGCAGAGTATTGCGGACCCATCGGAGCGTAACCTGGATCTC 

250 260 270 

CGCAGGCCTGGCGGAGGCCGGCCACCTGGNGGGGCATT 
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130 140 150 160 170 180 

RARVSGKSQDLSAAPAEQYLQEKLPOEVVLKIFSYLLEQDLCRAACVCKRFSELANDPKL 

190 

WKRLYMEVFEYrRPlA#i 
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GCCCCAGCAGCAGCCGCCCCAGCAGCAGCCTCCGCCGCCGCCGCAGCAGCAGCAGCAGCA 

130 140 150 160 170 180 

GCAGCCTCCGCCGCCGCCACCGCCGCCTCCGCCGCTGCCTCAGGAGCGGAACAACGTCGG 

190 200 210 220 230 240 

CGAGCGGGATGATGATGTGCCTGCAGATATGGTTGCAGAAGAATCAGGTCCTGGTGCACA 

250 260 270 280 290 300 

AAAT AG TCCATACCAACT TCGTAGAAAAACTCTT TTGCCG AAAAGAACAGCG TG TCCCAC 

310 320 330 340 350 360 

AAAGAACAGTATGGimCGCCTCAACTTCAACTACAGAAAACTTTGGICATCGTGCAAA 

370 380 390 400 410 420 

ACGTGCAAGAGTGTCTGGAAAATCACAAGATCTATCAGCAGCACCTGCTGAACAGTATCT 

430 440 450 460 470 480 

TCAGGAGAAACTGCCAGATGAAGTGGTTCTAAAAATCTTCTCTTACTTGCTGGAACAGGA 

490 500 510 520 530 540 

TCTTTGTAGAGCAGCTTGTGTATGTAAACGCTTCAGTGAACTTGCTAATGATCCCAATTT 

550 560 570 580 590 
GTGGAAACGATTATATATGGAAGTATTTGAATATACTCGCCCTATGATGCAT 
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GCGGCCGCGGCCCGGACTCCGCGGTGGGCGAGCGCCCTGTGAGGTGACCATGGAGGCTGG 

70 80 90 100 110 120 

TGGCCTCCCCTTGGAGCTGTGGCGCATGATCTTAGCCTACTTGCACCTTCCCGACCTGGG 

130 140 150 160 170 180 

CCGCTGCAGCCTGGTATGCAGGGCCTGGTATGAACTGATCCTCAGTCTCGACAGCACCCG 

190 200 210 220 230 240 

CTGGCGGCAGCTGTGTCTGGGTTGCACCGAGTGCCGCCATCCCAATTGGCCCAACCAGCC 

250 260 270 280 290 300 

AGATGTGGAGCCTGAGTCTTGGAGAGAAGCCTTCAAGCAGCATTACCTTGCATCCAAGAC 

310 320 330 340 350 360 

ATGGACCAAGAATGCCTTGGACTTGGAGTCTTCCATCTGCTTTTCTCTATTCCGCCGGAG 

370 380 390 400 410 420 

GAGGGAACGACGTACCCTGAGTGTTGGGCCAGGCCGTGAGTTTGACAGCCTGGGCAGTGC 

430 440 450 460 470 480 

CTTGGCCATGGCCAGCCTGTATGACCGAATTGTGCTCTTCCCAGGTGTGTACGAAGAGCA 

490 500 510 520 530 
AGGTGAAATCATCTTGAAGGTGCCTGTGGAGATTGTAGGGCAGGGGAAGTTGGGTGA 

FIG.15B 



SUBSTITUTE SHEET (RULE 26) 



wo 00/12679 



39/87 



PCTAJS99/19S60 



10 20 30 40 50 60 

ETETAPLTLESLPTDPLLL 1 LSFLDYROL 1 NCCYVSRRLSQLSSHDPLWRRHCKKYWL IS 

70 80 90 100 110 120 

EEEKTQKNQCWKSLF IDTYSDVGRY I OHYAA IKKASGMI SRN IWSPGVLGWVLSLKEGCS 

130 140 150 160 170 180 
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EIPAETGTEILSPFNFCIHTGLSQYIAVEAAEG*NKNEVFYQCQTVERVFKYGIKMCSOG 

250 

C[NGMH*VFS 



FIG. ISA 



SUBSTITUTE SHEET (RULE 26) 



wo 00/12679 



PCT/L'S99/19S60 



40/87 



10 20 30 40 50 60 

GAGACCGAGACGGCGCCGCTGACCCTAGAGTCGCTGCCCACCGATCCCCTGCTCCTCATC 
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TTATCCTTTTTGGACTATCGGGATCTAATCAACTGTTGTTATGTCAGTCGAAGATTAAGC 

130 140 150 160 170 180 

CAGCTATCAAGTCATGATCCGCTGTGGAGAAGACATTGCAAAAAATACTGGCTGATATCT 

190 200 210 220 230 240 

GAGGAAGAGAAAACACAGAAGAATCAGTGTTGGAAATCTCTCTTCATAGATACTTACTCT 

250 260 270 280 290 300 
GATGTAGGAAGATACATTGACCATTATGCTGCTATTAAAAAGGCCTCGGGAATGATCTCA 

310 320 330 340 350 360 

AGAAATATTTGGAGCCCAGGTGTCCTCGGATGGGTTTTATCTCTGAAAGAGGGGTGCTCG 

370 380 390 400 410 420 

AGAGGAAGACCTGGATGCTGTGGAAGCGCAGATTGGGCTGCAAGTTTCCTGGACGATTAT 

430 440 450 460 470 480 

CGATGTTCATACCGAATTCACAATGGACAGAAGTTAGTTGGTTCCTGGGGTTATTGGGAA 

490 500 510 520 530 540 

GCATGGCACTGTCTAATCACTATCGTTCTGAAGATTTGTTAGACGTCGATACAGCTGCCG 

550 560 570 580 590 600 

GAGATTCCAGCAGAGACAGGGACTGAAATACTGTCTCCCTTTAACTTTTGCATACATACT 

610 620 630 640 550 560 

GGTTTGAGTCAGTACATAGCAGTGGAAGCTGCAGAGGGTTGAAACAAAAATGAAGTTTTC 

670 680 690 700 710 720 

TACCAATGTCAGACAGTAGAACGTGTGTTTAAATATGGCATTAAGATGTGTTCTGATGGT 

730 740 750 

TGTATAAATGGCATGCATTAGGTATTTTCAG 
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130 140 150 160 170 180 

TGGGTGCTGGGAGCCCTGTTCCTGGCTATCGGCCTCTGGGCCTGGGGTGAGAAGGGCGTT 

190 200 210 220 230 240 

CTCTCGAACATCTCAGCGCTGACAGATCTGGGAGGCCTTGACCCCGTGTGGCTTGTTTGT 

250 260 270 280 290 300 

GGTAGTTGGAGGCGTCATGTCGGTGCTGGGCTTTGCTGGGCTGCAATTGGGGCCCTCCGG 

310 320 330 340 350 360 
GAGAACACCTTCCTGCTCAAGTTTTTCTNCGNGTTCCTCGGTCTCATCTTCTTCCTGGAG 

CTGGCAAC 
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THDESVKKYFASSFECRKAQV] DLQAEGYWEELLOTTQPA 1 WKDWYSGRSDAGCLYEL 

190 200 210 220 230 240 

TVKLLSEHENVLAEFSSGQVAVPQDSDGGGWMEISHTFTDYGPGVRFVRFEHGGQGSVYW 
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KGWFGARVTNSSVWVEP* 
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CCGCTGTGGCTGCTCAAGTGCCAGCAGGAGGGGCTGGTGCCCGAGGGCGGCGTGGAGGAGGAGCGCGAC 
210 220 230 240 250 260 270 

CACTGGCAGCAGTTCTACTTCCTGAGCAAGCGGCGCCGCAACCTTCTGCGTAACCCGTGTGGGGAAGAG 
280 290 .300 310 320 330 340 

GACTTGGAAGGCTGGTGTGACGTGGAGCATGGTGGGGACGGCTGGAGGGTGGAGGAGCTGCCTGGAGAC 

350 360 370 380 390 400 410 

AGTGGGGTGGAGTTCACCCACGATGAGAGCGTCAAGAAGTACTTCGCCTCCTCCTTTGAGTGGTGTCGC 

420 430 440 450 460 470 480 

AAAGCACAGGTCATTGACCTGCAGGCTGAGGGCTACTGGGAGGAGCTGCTGGACACGACTCAGCCGGCC 
_ 490 500 510 520 530 540 550 

ATCGTGGTGAAGGACTGGTACTCGGGCCGCAGCGACGCTGGTTGCCTCTAOGAGCTCACCGTTAAGCTA 
560 570 580 590 600 610 620 
CTGTCCGAGCACGAGAACGTGCTGGCTGAGTTCAGCAGCGGGCAGGTGGCAGTGCCCCAAGACAGTGAC 
630 640 650 660 670 680 690 

GGCGGGGGCTGGATGGAGATCTCCCACACCTTCACCGACTACGGGCCGGGCGTCCGCTTCGTCCGCTTC 

700 710 720 730 740 750 

GAGCACGGGGGGCAGGGCTCCG TCTACTGGAAGGGCTGG TTCGGGGCCCGGGTGACCAACAGCAGCGTG 
760 770 
TGGGTAGAACCCTGA 



FIG.18B 



SUBSTITUTE SHEET (RULE 26) 



wo 00/12679 



44/87 



PCT/US99/19560 



10 20 30 40 50 60 

MGEKAVPLLRRRRVKRSCPSCGSELGVEEKRGKGNPISIQLFPPELVEHIISFLPVRDLV 

70 80 90 100 no 120 

ALGQTCRYFHEVCDGEGVWRRICRRLSPRLQDQDTKGLYFQAFGGRRRCLSKSVAPLLAH 
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GYRRFLPTKDHVF 1 LDYVGTLFFLKNALVSTLGQMQWKRACRYWLCRGAKDFASOPRCO 
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ETQRALLLLTEEGKIYSLWNETQLDQPRSYTVQLALRKVSHYLPHLRVACMTSNQSSTL 

310 
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ATGGGCGAGAAGGCGGTCCCTTTGCTAAGGAGGAGGCGGGTGAAGAGAAGCTGCCCTTCTTGTGGCTCG 

70 80 90 100 110 120 130 

GAGCTTGGGGTTGAAGAGAAGAGGGGGAAAGGAAATCCGATTTCCATCCAGTTGTTCCCCCCAGAGCTG 

140 150 160 170 180 190 200 
GTGGAGCATATCATCTCATTCCTCCCAGTCAGAGACCTTGTTGCCCTCGGCCAGACCTGCCGCTACTTC 

210 220 230 240 250 260 270 
CA(X;AAGTGTGCGArGGGGAAGGCGTGTGGAGACGCATCTGTCGCAGACTCAGTCCGCGCCTCCAAGAT 

280 290 300 310 320 330 340 

CAGGACACGAAGGGCCTGTATTTCCAGGCATTTGGAGGCCGCCGCCGATGTCTCAGCAAGAGCGTGGCC 

350 360 370 380 390 400 410 

CCCTTGCTAGCCCACGGCTACCGCCGCTTCTTGCCCACCAAGGATCACGTCTTCATTCTTGACTACGTG 

420 430 440 450 460 470 480 

GGGACCCTCTTCTTCCTCAAAAATGCCCTGGTCTCCACCCTCGGCCAGATGCAGTGGAAGCGGGCCTGT 

'^90 500 510 520 530 540 550 

CGCTATGTTGTGTTGTGTCGTGGAGCCAAGGATTTTGCCTCGGACCCAAGGTGTGACACAGTTTACCGT 

560 570 580 590 600 610 620 

AAATACCTCTACGTCTTGGCCACTCGGGAGCCGCAGGAAGTGGTGGGTACCACCAGCAGCCGGGCCTGT 

630 640 650 660 670 680 690 

GACTGTGTTGAGGICTATCTGCAGTCTAGTGGGCAGCGGGTCTTCAAGArGACATTCCACCACTCAATG 

700 710 720 730 740 750 

ACCTTCAAGCAGATCGTGCTGGTTGGTCAGGAGACCCAGCGGGCTCTACTGCTCCTCACAGAGGAAGGA 

^60 770 780 790 800 810 820 

AAGATCTACTCTTTGGTAGTGAATGAGACCCAGCTTGACCAGCCACGCTCCTACACGGTTCAGCTGGCC 

830 840 850 860 870 880 890 
CTGAGGAAGGTGTCCCACTACCTGCCTCACCTGCGCGTGGCCTGCATGACTTCCAACCAGAGCAGCACC 

90O 910 920 930 940 950 

CTCTACGTCACAGATCCTATTCTGTGCTCTTGGCTACAACCACCTTGGCCTGGTGGATGA 
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250 260 270 280 290 300 

MQLEDDALY I SQANF 1 LAYQFRPDGASLNRQPLGVSAGHDEDVCHFVLATSH I VSAGGOG 

310 320 330 340 350 360 

K IGLGK I HSTFAAKYWAHEQEVNCVDCKGG 1 1 SFGSRDRTAKVWPLASGOLGQCLYT I OT 

370 380 390 400 410 420 

EDQIWSVAIRPLLSSFVTGTACCGHFSPLKIWDLNSGQLMTHLDRDFPPRAGVLDVIYES 
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PFALLSCGYDTYVRYVIDCRTSVRKCVMEWEEPHNSTLYCLQTDGNHLLATGSSFYSWRL 

490 500 510 520 530 

WDRHQRACPHTFPLTSTRLGSPVYCLHLTTKHLYAALSYNLHVLDIWP* 
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130 HO 150 160 1 70 180 
LAWQQQLQDLQMTKOVNNGLTLSDLPLHMLNNILYRFSDGWDI I TLGQVTPTLYMLSEDR 

190 200 210 220 230 240 

QLWKKLCQYHF AEKQFCRHL I LSEKGH I EWKLMYFALQKHYPAKEQYGDTLHFCRHCS I L 

250 250 270 

FWKDSGHPCTAADPDSCFTPVSPQHF lOLFKF 
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10 20 30 40 50 60 

GCATTGCTATAATTTTACTATACTCTCATCTAAATCTAAAATCAGTCTTCAAAATMAAACAAATTGTC 

70 80 90 100 110 120 130 

CTTTGCCAAAAATTTTTTTAATCGCACAATTAATTGACATTAACTGCCAATTCTTTTTGGCTAATTGAC 

140 150 160 170 180 190 200 

TAATTTTAACTTCTGTGTTGCTTTTCCAGAGGCATGGCTATTGCACCTTGGGAGAAGCCTTTAATCGGT 

210 220 230 240 250 260 270 
TAGACTTCTCAAGTGCAATTCAAGATATCCGAACGTTCAATTATGTGGTCAAACTGTTGCAGCTAATTG 

280 290 300 310 320 330 340 
CAAAATCCCAGTTAACTTCATTGAGTGGCGTGGCACAGAAGAATTACTTCAACATTTTGGATAAAATCG 

350 360 370 380 390 400 410 

TTCAAAAGGTTCrTGATGACCACCACAATCCTCGCTTAATCAAAGATCTTCTGCAAGACCTAAGCTCTA 

420 430 440 450 460 470 480 

CCCTCTGCATTCTTATTAGAGGAGTAGGGAAGTCTGTATTAGTGGGAAACATCAATATTTGGATTTGCC 

490 500 510 520 530 540 550 

GATTAGAAACTATTCTCGCCTGGCAACAACAGCTACAGGATCTTCAGATGACTAAGCAAGTGAACAATG 

560 570 580 590 600 610 620 

GCCTCACCCTCAGTGACCTTCCTCTGCACATGCTGAACAACATCCTATACCGGTTCTCAGACGGATGGG 

630 640 650 660 670 580 690 

ACATCATCACCTTAGGCCAGGTGACCCCCACGTTGTATATGCTTAGTGAAGACAGACAGCTGTGGAAGA 

700 710 720 730 740 750 

AGCTTTGTCAGTACCATTTTGCTGAAAAGCAGTTTTGTAGACATTTGATCCTTTCAGAAAAAGGTCATA 

760 770 780 790 800 810 820 

TTGAATGGAAGTTGATGTACTTTGCACTTCAGAAACATTACCC/«3CGA«3GAGCAGTACGGAGACACAC 

830 840 850 860 870 880 890 

TGCATTTCTGTCGGCACTGCAGCATTCTCTTTTGGAAGGACTCAGGACACCCCTGCACGGCGGCCGACC 

900 910 920 930 940 950 950 

CTGACAGCTGCTTCACGCCTGTGTCTCCGCAGCACTTCATCGACCTCTTCAAGTTTTAAGGGCTGCCCC 
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970 980 990 1000 1010 1020 1030 
TGCCATCCCTATTGGAGATTGTGAATCCTGCTGTCTGTGCAGGGCTCATAGTGAGTGTTCTGTGAfiGTG 

1040 1050 1060 1070 1080 1090 1100 
GGTGGAGACTCCTCGGAAGCCCCTGCTTCCAGAAAGCCTGGGAAGAACTCCCCTTCTGCAAAGGGGGGA 

1110 1120 1130 1140 1150 1160 1170 
CTGCATGGTTGCATTTTCATCACTGAAAGTCAGAGGCCAAGGAAATCATTTCTACTTCTTTAAAAACTC 

1180 1190 1200 1210 
CTTCTAAGCATATTAAAATGTGAAATTTTGCGTACTCTCIC 
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YGSEGKGSSSISSDVSSSTDHTPTKAOKNVATSEDSDLSMRTLSTPSPALICPPNLPGFQ 

70 80 90 100 110 120 

NGRGSSTSSSSITGETVAMVHSPPPTRLTHPLIRLASRPQKEQASIDRLPDHSMVQIFSF 

130 140 150 160 170 180 

LPTNQLCRCARVCRRWYNLAWDPRLWRTIRLTGETINVDRALKVLTRRLCQDTPNVCLML 

190 200 210 220 230 240 

ETVTVSGCRRLTDRGLYTlAQCCPELRRLEVSGCYNIShEAVFDWSLCPNLEHLDVSGC 

250 260 270 280 290 300 
SKVTCISLTREASIKLSPLHGKQISIRYLDMTDCFVLEDEGLHTIAAHCTQLTHLYLRRC 

310 320 330 340 350 360 

VRLTDEGLRYLVIYCASIKELSVSDCRFVSOFGLREIAKLESRLRYLSIAHCGRVTDVGI 

370 380 390 400 410 420 

RYVAKYCSKLRYLNARGCEG I TDHGVEYLAKNCTKLKSLDIGKCPLVSDTGLECLALNCF 

430 440 450 460 470 480 

NLKRLSLKSCESITGQGLQIVAANCFDLQTLNVQOCEVSVEALRFVKRHCKRCVIEHTNP 

AFF 
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10 20 30 40 50 60 

AAAPAPAPAPTPTPEEGPOAGVCDR I PLE I L VQI FGLLVAADGPMPFLGRAARVCRRWQE 

70 80 90 ICQ 110 120 

AASQPALWTVTLSSPLVGRPAKGGVKAEKKLLASLEWLWNRFSQLQRLTLIHWKSOVH 

130 140 150 160 170 180 

PVLKLVGECCPRLTFLKLSGCHGVTADALVMLAKACCQLHSLDLQHSMVESTAWSFLEE 

190 200 210 220 230 240 

AGSRMRKLWLTYSSQTTAILGALLGSCCPQLOVLEVSTGINRNSIPLQLPVEALQKGCPQ 

250 260 270 280 

LQVLRLLNLMWLPKPPGRGVAPGPGFPSLEELCLASSTCNFVS 
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10 20 30 40 50 60 

TGCGGCCGCGCCCGCACCCGCACCGGCACCCACGCCCACGCCCGAGGAAGGGCCCGACGCGGGCTGGGG 

70 80 90 100 no 120 130 

AGACCGCATTCCCTTGGAAATCCTGGTGCAGATTTTCGGGTTGTTGGTGGCGGCGGACGGCCCCArGCC 

140 150 160 170 180 190 200 

CTTCCTGGGCAGGGCTGCGCGCGTGrGCCGCCGCTGGCAGGAGGCCGCTTCCCAACCCGCGCTCTGGCA 

210 220 230 240 250 260 270 

CACCG-GACCCTGTCGTCCCCGCTGGTCGGCCGGCCTGCCAAGGGCGGGGTCAAGGCGGAGAAGAAGCT 

280 290 300 310 320 330 340 

CCTTGCTTCCCTGGAGTGGCTTATGCCCAATCGGTTTTCACAGCTCCAGAGGCTGACCCTCATCCACTG 

350 360 370 380 390 400 410 

GAAGTCTCAGGTACACCCCGTGTTGAAGCTGGTAGGTGAGTGCTGTCCTCGGCTCACTTTCCTCAAGCT 

420 430 440 450 460 470 480 

CTCCGGCTGCCACGGTGTGACTGCTGACGCTCTGGTCATGCTAGCCAAAGCCTGCTGCCAGCTCCATAG 

490 500 510 520 530 540 550 

CCTGGACCTACAGCACTCCATGGTGGAGTCCACAGCTGTGGTGAGCTTCTTGGAGGAGGCAGGGTCCCG 

560 570 580 590 600 610 620 

AATGCGCAAGTTGTGGCTGACCTACAGCTCCCAGACGACAGCCArCCTGGGCGCATTGCTGGGCAGCTG 
630 640 650 660 670 680 690 

CTGCCCCCAGCTCCAGGTCCTGGAGGTGAGCACCGGCATCAACCGTAATAGCATTCCCCTTCAGCTGCC 

700 710 720 730 740 750 

TGTCGAGGCTCTGCAGAAAGGCTGCCCTCAGCTCCAGGTGCTGCGGCTGTTGAACCTGATGTGGCTGCC 
750 770 780 790 800 810 820 

CAAGCCTCCGGGACGAGGGGTGGCTCCCGGACCAGGCTTCCCTAGCCTAGAGGAGCTCTGCCTGGCGAG 

830 840 850 

CTCAACCTGCAACTTTGTGAGC 
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QHCSQKDTAELLRGLSLVIINHAEERQKFFKYSVDEKSDKEAEVSEHSTGITHLPPEVMLSI 

70 80 90 100 110 120 

FSYLNPQELCRCSQVSMKWSQLTKTGSLWKHLYPVHWARGDWYSGPATELDTEPODEWVK 

130 140 150 150 170 180 

NRKDESRAFHEWOEDAD I OESEESAEES I A] S ] AQMEKRLLHGL I HNVLPYVGTSVKTL V 

190 200 210 220 230 240 

LAYSSAVSSKMVRQILELCPNLEHLDLTQTDISDSAFDSWSWLGCCQSLRHLDLSGCEKI 

250 260 270 280 290 300 

TDVALEKI SRALG I LTSHQSGFLKTSTSK I TSTAWKNKD I TMQSTKOYACLHDLTNKGIG 

310 320 330 340 350 360 

EEIDNEHPWTKPVSSENFTSPYVWMLDAEDLADIEOTVEWRHRNVESLCVMETASNFSCS 

370 380 390 400 410 420 

TSGCFSKDIVGLRTSVCWQQHCASPAFAYCGHSFCCTGTALRTMSSLPESSAWCRKAART 

430 440 450 460 470 480 

RLPRGKDLIYFGSEKSDQETGRVLLFLSLSGCYQITDHGLRVLTLGGGLPYLEHLNLSGC 

490 500 510 520 530 540 

LT I TGAGLQDLVSACPSLNDEYF YYCDNl NGPHADTASGCQNLQCGFRACCRSGE ♦PLTS 

550 560 570 580 590 
DLCLLHLAEQAFFHALYS»HISCVNHPFLSVTCFGPIXYNFRNLNYQXIVML 
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10 20 30 40 50 50 

RVrSGCGLARGSSAMVFSNNDEGL INKKLPKELLLRIFSFLDl VTLCRCAQISKAWNI LA 

70 80 90 100 110 120 

LDGSNWQRIDLFNFQIDVEGRWENISKRCVGFLRKLSLRGCIGVGDSSLKTFAQNCRNI 

130 140 150 160 170 180 

EHLNLNGCTKITDSTCYSLSRFCSKLKHLXLTSCVSITNSSLKGISEGCRNLEYLNLSWC 

190 200 210 220 230 240 

DQI TKDG lEALVRGCRGLKALLLRGCTQLEOEALKHIQNYCHELVSLNLOSCSRl TDEGV 

250 260 270 280 290 300 

VQICRGCHRLOALCLSGCSNLTDASLTALGLNCPRLQILEAARCSHLTDAGFTLLARNCH 

^10 320 330 340 350 360 

ELEKMDLEXC I L i TDSTL IQLS I HCPKLQALSLSHCEL IXDDGILHLSNSTCGHERLRVL 

370 380 390 400 410 420 

ELDNCLL 1 TDVALXHLENCRGLERLELYDCOOVTRAG IKRMRAOLPHVKVHAYFAPVTPP 

«0 440 450 460 470 480 

TAVAGSGQRLCRCCVIL.QQLPGPKG».GILSSRRPESS.PrPPSPNLLILHWERHLQFP 

490 500 510 520 530 540 

NRHLSRFKNGEDKKGFiSN]*HHlVT»NMALr«LVLLLPSSLMSSLTSTHLLL»YL«RLI 

550 

ILKTDQTGPASKYINCVQ* 
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10 20 30 40 50 60 

MSPVFPMLTVLTMFYYICLRRRARTATRGEJMJTHRAIESNSQTSPLNAEWQYAKEWO 

70 80 90 100 110 120 

FSSHYGSENSMSYTf/WNLAGVPNVFPSSGDFTQTAVFRTYGTWWDQCPSASLPFKRTPPN 

130 140 150 160 170 180 

FQSQDYVELTFEQQVYPTAVHVLETYHPGAVi R 1 LACSANPYSPNPPAEVRWE I LWSERP 

190 200 210 220 230 240 
TKVNASOARQFKPCIKQINFPTNLIRLEVNSSLLEYYTELDAWLHGVKDKPVLSLKTSL 

250 260 270 280 290 300 
IDMNDI EDDAYAEKDGCGM3SLNKKFSSAVLGEGPNNGYFDKLPYEL lOL I LNHLTLPDL 

310 320 330 340 350 360 
CRLAQTCKLLSQHCCDPLQYIHLNLQPYWAKLDDTSLEFLOSRCTLVQWLNLSWTGNRGF 

370 380 390 400 410 420 

ISVAGFSRFLKVCGSELVRLELSCSHFLNETCLEVISEMCPNLQALNLSSCDKLPPQAFN 

430 440 450 460 470 480 

HIAKLCSLKRLVLYRTKVEQTALLSILNFCSELQHLSLGSCVMIEDYDVIASMIGAKCKK 

490 500 510 520 530 540 

LRTLDLWRCKNITENGIAELASGCPLLEELDLGWCPTLOSSTGCFTRLAHQLPNLQKLFL 

550 560 570 580 590 600 

TANRSVCDTDI DELACNCTRlQQLDI LGTRMVSPASLRKLLESCKOLSLLDVSFCSQIDN 

610 620 
RAVLELNASFPKVFIKKSFTQ 
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10 20 30 40 50 60 

MQLVPD I EFK I TYTRSPDGDGVGNSYI EDNDDDSKWADLLSYFQQQLTFQESVLKLCQPE 

70 80 90 100 110 120 

LESSQIHISVLPMEVLMYIFRWWSSDLDLRSLEQLSLVCRGFYICARDPEIWRLACLKV 

130 140 150 160 170 180 

WGRSCIKLVPYTSWREMFLERPRVRFDGVYISKTTYIRQGEQSLOGFYRAWHQVEYYRYI 

190 200 210 220 230 240 
RFFPDGHVWLTTPEEPQSIVPRLRTRNTRTDAILLGHYRLSQOTDNQTKVFAVITKKKE 

250 260 270 280 290 300 

EKPLDYKYRYFRRVPVQEADOSFHVGLQLCSSGHQRFNKL IWIHHSCHI TYKSTGETAVS 

310 320 
AFE I DKMYTPLFFARVRSYTAFSERPL 
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10 20 30 40 50 60 

ATGCAACTTGTACCTGATATAGAGTTCAAGATTACTTA7ACCCGGTCTCCAGATGGTGATGGCGTTG6A 

70 80 90 100 110 120 130 

AACAGCTACATTGAAGATAATGATGATGACAGCAAAATGGCAGATCTCTTGTCCTACTTCCAGCAGCAA 

140 150 160 170 180 190 200 

CTCACATTTCAGGAGTCTGTGCTTAAACTGTGTCAGCCTGAGCTTG^^AGTCWSATTCACATATCA 

210 220 230 240 250 260 270 

GTGCTGCCAATGGAGGTCCTGATGTACATCTTCCGATGGGTGGTGTCTAGTGACTTGGACCTCAGATCA 

280 290 300 310 320 330 340 

TTGGAGCAGTTGTCGCTGGTGTGCAGAGGATTCTACATCTGTGCCAGAGACCCTGAAATATGGCGTCTG 

350 360 370 380 390 400 410 

GCCTGCTTGAAAGTTTGGGGCW5AAGCTGTATTAAACTTGTTCCGTACACGTCCTGGAGAGAGATGTTT 

420 430 440 450 460 470 480 

TTAGAACGGCCTCGTGTTGGGTTTGATGGCGTGTATATCAGTAAAACCACATATATTCGTCAAGGGGAA 

490 500 510 520 530 540 550 

CAGTCTCTTGATGGTTTCTATAGAGCCTGGCACCAAGTGGAATATTACAGGTACATAAGATTCTTTCCT 

560 570 580 590 600 610 620 

GATGGCCATGTGATGATGTTGACAACCCCTGAAGAGCCTCAGTCCATTGTTCCACGTTTAAGAACTAGG 

630 640 650 660 670 680 690 

AATACCAGGACTGATGCAATTCTACTGGGTCACTATCGCTTGTCACAAGACACAGACAATCAGACCAAA 

700 710 720 730 740 750 

GTATTTGCTGTAATAACTAAGAAAAAAGAAGAAAAACCACTTGACTATAAATACAGATATTTTCGTCGT 

760 770 780 790 800 810 820 

GTCCCTGTACAAGAAGCAGATCAGAGrTTTCATGTGGGGCTACAGCTATGTTCCAGTGGTCACCAGAGG 

830 840 850 860 870 880 890 

TTCAACAAACTCATCTGGATACATCAT^CTTGTCACATTACTTACAAATCAACTGGTGAGACTGCAGTC 

900 910 920 930 940 950 950 

AGTGCTTTTGAGATTGACAAGATGTACACCCCCTTGTTCTTCGCCAGAGTAAGGAGCTACACAGCTTTC 

970 980 
TCAGAAAGGCCTCTGTAG 
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10 20 30 40 50 60 

AALDPDLENDDFFVRKTGAFHANPYVLRAFEDFRKFSEQDDSVERD ! ILXREGELVLPD 

70 80 90 100 110 120 

LEKODMIVRRIPAQKKEVPLSGAPDRYHPVPFPEPWTLPPEIQAKFLCVLERTCPSKEKS 

130 HO 150 150 170 180 

NSCRI LVPSYRQKKDDMLTRK IQSWKLGTTVPPI SFTTCPCSEADLKRWEA IREASRLRH 

190 200 210 220 230 240 
KKRLMVERLFQKIYGENGSKSMSDVSAEDVQNLRQLRYEEMQKIKSQLKEQDQKWQDDLA 

250 

KWKORRKSYTSDLQK 
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10 20 30 40 50 60 

GCAGCCCTGGATCCTGACTTAGAGAATGATGATTTCTTTGTCAGAAAGACTGGGGCTTTCCATGCAAAT 

70 80 90 100 110 120 130 

CCATATGTTCTCCGAGCTTTTGAAGACTTTAGAAAGTTCTCTGAGCAAGATGATTCTGTAGAGCGAGAT 

140 150 160 170 180 190 200 
ATAATTTTACAGTGTAGAGAAGGTGAACTTGTACTTCCGGATTTGGAAAAAGATGATATGATTGTTCGC 

210 220 230 240 250 260 270 

CGAATCCCAGCACAGAAGAAAGAAGTGCCGCTGTCTGGGGCCCCAGATAGATACCACCCAGTCCCTTTT 

280 290 300 310 320 330 340 

CCCGAACCCTGGACTCTTCCTCCAGAAATTCAAGCAAAATTTCTCTGTGTACTTGAAAGGACATGCCCA 

350 360 370 380 390 400 410 
TCCAAAGAAAAAAGTAATAGCTGTAGAATATTAGTTCCTTCATATCGGCAGAAGAAAGATGACATGCTG 

420 430 440 450 460 470 480 

ACACGTAAGATTCAGTCCTGGAAACTGGGAACTACCGTGCCTCCCATCAGTTTCACNCCTGGCCCCTGC 

490 500 510 520 530 540 550 

AGTGAGGCTGACTTGAAGAGATGGGAGGCCATCCGGGAGGCCAGCAGACTCAGGCACAAGAAAAGGCTG 

550 570 580 590 600 610 620 

ATGG TGG AGAG ACTCTTTCAAAAGATT TATGG TGAG AATGGGAGTAAG TCCATGAG TGATG TCAGCGCA 

630 640 550 560 670 680 690 

GAAGATGTTCAAAACTTGCGTCAGCTGCGTTACGAGGAGATGCAGAAAATAAAATCACAATTAAAAGAA 

700 710 720 730 740 750 
CAAGATCAGAAATGGCAGGATGACCTTGCAAAATGGAAAGATCGTCGAAAAAGTTACACTTCAGATCTG 

760 
CAGAAG 
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ggcttccggg catttag 



<211> 17 
<;2i2> DKA 

<2I3> Artificial Sequence 



catctggcac gattcca 
<210> 89 



ccgctcatcg tatgaca 
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Cys Asp Gly Glu Lys Asp Thr Tyr Ser Tyr Leu Ala 



<210> 83 
<2H=. 25 
<212> PRT 
<213> Homo sapiens 



Cys Glu Ser Ser Phe Ser Leu Asn Met Asn Phe Ser Ser Lys Arg Thr 



Lys Phe Lys He Thr Thr Ser Met Gin 
20 25 



<*C0> 84 

Cys Glu Glu Ala Qln Val Arg Lys Glu Asn Gin Tru 
1 5 10 



<210> 85 
<2H> 19 
<212> PRT 
<213> Homo sapiens 



Asn Ala Sly Ser Val Glu Gin Thr Pro Lys Lys Pro Gly Leu Arg Arg 
S 10 IS 

Arg Gin Thr 



<210> 86 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 86 

cctggsggat gttctca 



•=213> Artificial Sequence 
<220> 



57 
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<2H> 39 
<212> PST 

<213> Homo sapiens 
<400> 78 

Leu Pro His His Val Vai Leu Gin lie Phe Gin Tyr Leu Pro Leu Leu 
IS 10 IS 

Aep Arg Ala Cys Ala Ser Ser Val Cys Arg Arg Trp Asn Glu Val Phe 
20 25 30 

Els lie Ser Asp Leu Trp Arg 
<210> 79 

<400> 79 

Leu Trp Ala Trp Gly Glu Lys Gly Val Leu Ser Asn lie Ser Ala Leu 
IS 10 15 

Thr Asp Leu Gly Gly Leu Asp Pro Val Trp Leu Val Cya Gly Ser Trp 
20 25 30 

Arg Arg His Val Gly Ala Gly Leu Cys Trp Ala 
35 40 

<211> 53 
<212> DNA 

<213> Artificial Sequence 



agtagcaaca aaggtcaaag acagttgact gtatcgtcga ggatgccttc aattaagtt 59 



gcggttactt acttagagct cgacgtctta cttacttagc tcacttctct tcacacca 

<210> 82 
<211> 12 
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Leu Pro Lys Glu Leu Leu Leu Arg He Phe Ser Phe Leu Asp He Val 
15 10 15 

Thr Leu Cys Arg Cys Ala Gin He Ser Lys Ala Trp Asn He Leu Ala 
20 25 30 



<210> 75 
<211> 48 
<212> PRT 

<400> 75 

Leu Pro Tyr Glu Leu He Gin Leu He Leu Asn His Leu Thr Leu Pro 
is 10 15 

Asp Leu Cys Arg Leu Ala Gin Thr Cys Lys Leu Leu Ser Gin His Cys 



Cys Asp Pro Leu Gin Tyr He His Leu Asn Leu Gin Pro Tyr Trp Ala 



<212> PRT 

<:213> Homo sapiens 

<400> 76 

Leu Pro Met Glu Val Leu Met Tyr He Phe Arg Trp Val Val Ser Ser 
15 10 IS 

Asp Leu Asp Leu Arg Ser Leu Glu Gin Leu Ser Lsu Val Cys Arg Gly 
Phe Tyr lie Cys Ala Arg Aap Pro Glu He Trp Arg 



<210> 77 
<211> 49 
<212> PRT 

•:213> Homo sapiens 

Leu Pro Pro Glu He Gin Ala Lys Phe Leu Cys Val Leu Glu Arg Thr 
15 10 15 

Cys Pro Ser Lys Glu Lys Ser Aan Ser Cys Arg He Leu Val Pro Ser 



Tyr Arg Gin Lys Lys Asp Asp Met Leu Thr Arg Lys He Gin Ser Trp 
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<4C0> 70 

Leu Pro Leu His Met Leu Asn Asn ] 
1 5 

Trp Asp lie lie Thr Leu Gly Qln S 
20 

Ser Glu Asp Arg Gla Leu Trp Lys 
35 40 



1 Tyr Arg Pae Ser Asp Glv 
3 IS 

r Pro Tiir Leu Tyr Met Leu 



<210> 71 
<211> 39 

<213> Homo sapiens 
<400> 71 

Leu Pre Asp His Ser Met Val Gin He Phe Ser Phe Leu 
15 10 

Gin Let! Cys Arg Cys Ala Arg Val Cys Arg Arg Trp Tyr 
20 25 

Trp Asp Pro Arg Leu Trp Arg 



<210> 72 
<211> 44 
<212> PRT 
<213> Homo sapiens 

<40a> 72 

lie Pro Leu Glu lie Leu Val Gin lie Phe Gly Leu Leu Val Ala Ala 
15 10 15 

Asp Oly Pro Met Pro Phe Leu Gly Arg Ala Ala Arg Val Cys Arg Arq 
20 2S 30 

Trp Gin Glu Ala Ala Ser Gin Pro Ala Leu Trp His 



<210> 73 

<211> 39 

<212> PRT 

<213> Hono sapiens 

<:400> 73 

Leu Pro Pro Glu Val Met Leu Ser lie phe Ser Tyr Leu Asn Pre Gl; 



Glu Leu Cys Arg Cys Ser Gin Val Ser Met Lys Trp Ser Gin Leu Thr 
20 25 30 

Lys Thr Gly Ser Leu Trp Lys 



<210> 74 
<211> 39 
<212> PRT 
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Leu Pro Thr Asp Pro Leu Leu Leu lie Leu Ser Phe Leu Asp Tyr tog 
15 10 15 

Aop Leu He Asn Cyo Cyo Tyr Val Ser Arg Arg Leu Ser Gin Leu Ser 
20 25 30 

Ser Hie Asp Pro Leu Trp Arg 
35 

<210> 67 

<212> PRT 

<213> Homo sapiens 

<400> 67 

Leu Pro Glu Pro Leu Leu Leu Arg Val Leu Ala Ala Leu Pro Ala Ala 
15 10 IS 

Glu Leu Val Gin Ala Cys Arg Leu Val Cys Leu Arg Trp Lys Glu Leu 
2C 2S 30 

Val Asp Gly Ala Pro Leu Trp Leu 



Leu Phe Pro Pro Glu Leu Val Glu His He He Ser Phe Leu Pro Val 
J- 5 10 15 

Arg Asp Leu Val Ala Leu Giy Gin Thr Cys Arg Tyr Phe His Glu Val 

20 25 30 

Cys Asp Gly Glu Gly Val Trp Arg 



<400> 69 

Leu Pro Glu Val Leu Leu Leu His Met Cys Ser Tyr Leu Asp Met Arg 

Ala Leu Gly Arg Leu Ala Gin Val Tyr Arg Trp Leu Trp His Phe Thr 
20 25 30 

Asn cys Asp Leu Leu Arg Arg Gin He Ala Tip Ala 
35 40 

<210> 70 
<211> 40 
<212> PRT 
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Ala Ala Asp lie Gly Arg Val Ser Ser Thr Cys Arg Arg Leu Arg Olu 
20 25 30 

Leu Cys Gin Ser Ser Gly Lys Val Trp Lya 



<210> 63 
<211> 44 
<212> PRT 

<213> Homo sapiens 
<400> 63 

Leu Ala Glu Val Val Glu Arg Val Leu Thr Phe Leu Pro Ala Lys Ala 
IS 10 IS 

Leu Leu Arg Val Ala Cys Val Cys Arg Leu Trp Arg Glu Cys Val Arg 
20 25 30 

Arg Val Leu Arg Thr His Arg Ser Val Thr Trp lie 
35 40 



<210> 64 




Leu Pro Asp Glu Val Val Leu Lys lie Phe Ser Tyr Leu Leu Glu Gin 
15 10 15 

Asp Leu Cys Arg Ala Ala Cys Val Cys Lys Arg Phe Ser Glu Leu Ala 
20 25 30 

Asn Asp Pro Asn Leu Trp Lys 



<210> 65 
<211> 41 
<212> PRT 

■;213> Homo sapiens 
<400> 65 

Leu Pxo Leu Glu Leu Trp Arg Mec lie Leu Ala lyr jeu His Leu Pro 



Asp Leu Gly Arg Cys Ser Leu Val Cys Arg Ala Trp Tyr Glu Leu He 
20 25 30 

Leu Ser Leu Asp Ser Thr Arg Trp Arg 
35 40 




<400> 66 
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Asp Mst He Val Arg Arg lie Pro Ala Gin Lys Lys Clu Val Pro Leu 
°- ■'O 75 80 

Ser Gly Ala Pro Asp Arg Tyr His Pro Val Pro Phc Pro Glu Pro Trp 
85 90 95 

Thr Leu Pro Pro Glu He Gin Ala Lvb Phe Leu Cys Val Leu Glu Arq 

100 lbs 110 

Thr Cys Pro Ser Lys Glu Lys Ssr Asn Ser Cya Arg lie Leu Val Pro 

Ser Tyr Arg Gin Lys Lys Asp Asp Met Leu Thr Arg Lys lie Qln Ser 
"0 135 

Trp Lys Leu Gly Thr Thr Val Pro Pro He Ser Phe Thr Pro Gly Pro 
"5 150 155 ISO 

Cye Ser Glu Ala Aep Leu Lys Arg Trp Glu Ala lie Arg Glu Ala Ser 
165 170 

Arc Leu Arg His Lys Lys Arg Leu Met Val Glu Arg Leu Phe Gin Lya 
180 185 

He Tyr Gly Glu Asn Gly Ser Lys Ser Met Ser Asp Val Ser Ala Glu 
135 200 205 

Asp Val Gin Asn Leu Arg Gin Leu Arg Tyr Glu Glu Met Gin Lvs He 
210 215 220 

Lye Ser Gin Leu Lys Glu Gin Asp Glr. Lys Trp Gin Asp Asp Leu Ala 

230 235 240 

Lye Trp Lys Asp Arg Arg Lys Ser Tyr Thr Ser Asp Leu Gin Lys 
245 250 255 



<210> 61 
<211> 36 
<212> PRT 
<213> Homo sapiens 

<400> 61 

Leu Pro Pro Glu Leu Ser Phe Thr He Leu Ser Tyr Leu Asn Ala Thr 

Asp Leu Cys Leu Ala Ser Cys Val Trp Gin Asp Leu Ala Asn Asp Glu 

20 25 30 

Leu Leu Trp Gin 



.su Pro Gly Glu Val Leu Glu Tyr He Leu Cys Cys Gly Ser Leu Thr 

^ 5 10 It; 
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Glu Lys Pro Leu Asp Tyr Lye Tyr Arg Tyr Phe Arg Arg Val Pro Val 
245 250 2SS 

Qln Glu Ala Asp Gin Ser Phe His Val Gly Leu Gin Leu Cy3 Ser Ser 
260 26S 270 

Gly His Gin Arg Phe Asn Lys Leu lie Trp lie His His Ser Cys Hie 
275 280 285 

He Thr Tyr Lye Ser Thr Gly Glu Thr Ala Val Ser Ala Phe Glu lie 
290 295 300 

Aop Lyo Met Tyr Thr Pro Leu Phe Phe Ala Arg Val Arg Ser Tyr Thr 
305 310 315 320 

Ala Phe Ser Glu Arg Pro Leu 
325 

<210> 59 



<222> all n positions 
<223> n=a, c, 9 or t 

<400s 59 

gcagccctgg atcctgacct agagaatgat gatttctttg tcagaaagac Cggggctctc 60 

catgcaaatc cata.gttct ccgagctttt gaagacttta gaaagttctc tgagcaagat 120 

gattctgtag agcgagatat aattttacag tgtagagaag gtgaacttgt acttccggat 180 

ttggaaaaag atgatatgat tgttcgccga aCcccagcac agaagaaaga agtgccgotg 240 

tctggggccc cagatagata ccacccagCc ccttttcccg aaccctggac tcttcctcca 300 

gaaattcaag caaaatttct ctgtgtactt gaaaggacat gcccatccaa agaaaaaagt 360 

aatagctgta gaatattagt tccttcatat cggcagaaga aagatgacat gctgacacgt 420 

aagattcagt cctggaaact gggaactacc gtgcctocca tcagtttcac ncctggcccc 480 

tgcagtgagg ctgacttgaa gagatgggag gccatccggg aggceagcag actcaggcac 540 

aagaaaaggc tgatggtgga gagactcttt caaaagattt atggtgagaa tgggagtaag 600 

tccatgagtg atgtcagcgc agaagatgtt caaaacttgc gtcagctgcg ttacgaggag 660 

atgoagaaaa taaaatcaca attaaaagaa caagatcaga aatggcagga tgaccttgca 720 
aaatggaaag atcgtcgaaa aagctaoact tcagatctgc agaag 765 

<210> 60 
<211> 255 
<212> PRT 



Ala Ala Leu Asp Pro Asp Leu Glu Asn Asp Asp Phe Phe Val Arg Lys 

15 10 15 

Thr Gly Ala Phe His Ala Asn Pro Tyr Val Leu Arg Ala Phe Glu Asp 

20 25 30 

Phe Arg Lys Phe Ser Glu Gin Asp Asp Ser Val Glu Arg Asp lie He 

35 40 45 

Leu Gin Cys Arg Glu Gly Glu Leu Val Leu Pro Asp Leu Glu Lys Asp 
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cggcctcgtg ttcggtttga tggcgtgtat atcagtaaaa ccacatatat togccaacgg 480 
gaacagtctc ttgacggttt ctatagagcc tggcaccaag tggaatatta caggtacata 540 
agattctttc ctgatggcca cgtgatgatg ttgacaaccc ctgaagagcc tcagtccatt 600 
gttccacgtt taagaactag gaatac=agg accgatgcaa ttctactggg tcactatcgc 660 
ttgtcacaag acacagacaa tcagacoaaa gtacttgctg taataactaa gaaaaaaaaa 720 
gaaaaaccac ttgactataa atacagatat tttcgtcgtg tccccgtaca agaagcagat 780 
cagagttttc atgtggggct acagctatgt tcoagtggtc accagaggtt caacaaactc 840 
atctggatac atcattcttg tcacattact tacaaatcaa ctggtgagac tocagtcagc SOO 
gcttttgaga ttgacaagac gtacaccccc ttgctcttcg ccagagtaag gagctacaca 9S0 
gctttctcag aaaggcctct gtag gg4 

<210> 58 



Met Gin Leu Val Pro Asp lie Glu Phe Lys lie Thr Tyr Thr Arg Ser 
15 10 15 

Pro Asp Gly Asp Gly Vsl Gly Asn Ser Tyr He Glu Asp Asn Asp Asp 

20 25 30 

Asp Ser Lys Met Ala Asp Leu Leu Ser Tyr Phe Gin Gin Gin Leu Thr 

Phe Gin Giu Ser Val Leu Lys Leu Cys Gin Pro Glu Leu Glu Ser Ser 
SO 55 60 

Gin He His He Ser Val Leu Pro Met Glu Val Leu Met Tyr He Phe 
" 70 75 80 

Arg Trp Val Val Ser Ser Asp Leu Asp Leu Arg Ser Leu Glu Gin Leu 
85 SO 95 

Ser Leu Val Cys Arg Gly Phe Tyr He Cys Ala Arg Asp Pro Glu He 
100 105 110 

Trp Arg Leu Ala Cys Leu Lys Val Trp Gly Arg Ser Cys He Lys Leu 
115 120 125 

Val Pro Tyr Thr Ser Trp Arg Glu Met Phe Leu Glu Arg Pro Arg Val 
130 135 140 

Arg Phe Asp Gly Val Tyr He Ser Lys Thr Thr Tyr He Arg Gin Gly 
150 155 160 

Glu Gin Ser Leu Asp Gly Phe Tyr Arg Ala Trp His Gin Val Glu Tyr 
165 170 175 

Tyr Arg Tyr He Arg Phe Phe Pro Aap Gly His Val Me" Met Le-j -hr 
180 185 130 

Thr Pro Glu Glu Pro Gin Ser He Val Pro Arg Leu Arg Thr Arg Asn 
195 200 205 

Thr Arg Thr Asp Ala He Leu Leu Gly Kis Tyr Arg Leu Ser Gin Asp 
210 215 220 

Thr Asp Aea Gin Thr Lys Val Phe Ala Val He Thr Lys Lys Lys Glu 
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Phe Leu Lys Val Cys Gly Ser Glu Leu Val Arg Leu Glu Leu Ser Cys 
370 375 3B0 

Ser His Phe Leu Aan Glu Thr Cys Leu Glu Val He Ser Glu Met Cys 
335 390 33S 400 

Pro Asn Leu Gin Ala Leu Asn Leu Ser Ser Cys Asp Lys Leu Pro Pro 
405 410 415 

Gin Ala Phe Asn His lie Ala Lys Leu Cye Ser Leu Lyo Arg Leu Val 
420 425 430 

Leu Tyr Arg Thr Lys Val Glu Gin Thr Ala Leu Leu Ser He Leu Asn 
435 440 445 

Phe Cys Ser Glu Leu Gin His Leu Ser Leu Gly Ser Cys Val Met He 
450 455 460 

Glu Asp Tyr Asp Val He Ala Ser Met He Gly Ala Lys Cys Lys Lys 
465 470 475 480 

Leu Arg Thr Leu Asp Leu Trp Arg Cys Lys Asn He Thr Glu Asn Gly 
485 4S0 495 

He Ala Glu Leu Ala Ser Gly Cys Pro Leu Leu Glu Glu Leu Asp Leu 
500 505 510 

Gly Trp Cys Pro Thr Leu Gin Ser Ser Thr Gly Cys Phe Thr Arg Leu 
515 S20 525 

Ala His Gin Leu Pro Asn Leu Gin Lys Leu Phe Leu Thr Ala Asn Arg 
530 535 540 

Ser Val Cys Asp Thr Asp He Asp Qlu Leu Ala Cvs Asn Cys Thr Arg 
545 550 555 " 550 

Leu Gin Gin Leu Asp He Leu Gly Thr Arg Met Val Ser Pro Ala Ser 
565 570 575 

Leu Arg Lys Leu Leu Glu Ser Cys Lys Asp Leu Ser Leu Leu Asp Val 
580 585 590 

Ser Phe Cys Ser Gin He Asp Asn Arg Ala Val Leu 31u Leu Asn Ala 
595 SOO 605 

Ser Phe Pro Lys Val Phe He Lys Lys Ser Phe Thr Glr 



610 



61S 



<213> Homo sapiens 

ggcgttggaa acagctacat; tgaagataat gatgatgaca gcaaaatggc agatctcttg 120 
tcctacttcc agcagcaact cacattccag gagtctgtgc ttaaactgtg tcagcctgag 180 
cttgagagca gtcagattca catatcagtg ctgccaatgg aggtoctgat gtacatcttc 240 
cgatgggtgg tgtctagtga cttggacctc agatcatcgg agcagttgtc gctggtgtgc 300 
agaggattct acatctgcgc cagagaccct gaaatatggc gtctggcccg cttgaaagtt 360 
tggggcagaa gctgtattaa acttgttccg tacacgtcct ggagagagat gtttttagaa 420 
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Asn Tbi Hie Arg Ala lie 31u Ser Aan Ser Oln Thr Ser Pro Leu Asn 
35 40 45 

Ala Glu Val Val Gin Xyr Ala Lys Glu Val Val Asp Phe Ser Ser His 
50 55 60 

Tyr Gly Ser Clu Asn Ser Met Ser Tvr Thr Met Trp Asn Leu Ala Gly 
6S 70 ■ 75 80 

Val Pro Asn Val Phc Pro Scr Ser Gly Asp Phc Thr Gin Thr Ala Val 

Phe Arg Thr Tyr Gly Thr Trp Trp Asp Qin Cys Pro Ser Ala Ser Leu 
100 IDS no 

Pro Phe Lys Arg Thr Pro Pro Asn Phe Gin Ser Gin Asp Tyr Val Glu 

115 120 125 

Leu Thr Phe Glu Gin Gin Val Tyr Pro Thr Ala Val His Val Leu Glu 
130 135 14C 

Thr Tyr His Pro Gly Ala Val He Arg He Leu Ala Cys Ser Ala Asn 
145 150 155 160 

Pro Tyr Ser Pro Asn Pro Pro Ala Glu Val Arg Trp Glu He Leu Trp 

165 170 175 

Ser Giu Arg Pro Thr Lys Val Asn Ala Ser Gin Ala Arg Gin Phe Lys 
180 185 190 

Pro Cys He Lys Gin He Asn Phe Pro Thr Asn Leu He Arg Leu Glu 
195 200 205 

Val Aan Ser Ser Leu Leu Glu Tyr Tyr Thr Glu Leu Asp Ala Val Val 
210 215 220 

Leu His Gly Val Lys Asp Lys Pro Val Leu Ser Leu Lys Thr Ser Leu 
225 230 235 240 

He Asp Met Asn Asp He Glu Asp Asp Ala Tyr Ala Glu Lys Asp aiv 
245 250 255 

cys Gly Met Asp Ser Leu Asn Lys Lys Phe Ser Ser Ala Val Leu Gly 
2fiO 265 270 

Glu Gly Pro Asn Asn Gly Tyr Phe Asp Lys Leu Pro Tyr Glu Leu He 
275 280 285 

Gin Leu lie Leu Asn His Leu Thr Leu Pro Asp Leu Cys Arg Leu Ala 
290 295 300 

Gin Thr cys Lye Leu Leu Ser Qln His Cys Cys Asp Pro Leu Gin Tvr 
305 310 315 320 

He His Leu Asn Leu Gin Pro Tyr Trp Ala Lys Leu Asp Asp Thr Ser 
325 330 335 

Leu Glu Phe Leu Gin Ser Arg Cys Thr Leu Val Oln Trp Leu Asn Leu 
340 345 350 

Ser Trp Thr Gly Asn Arg Gly Phe He Ser Val Ala Gly Phe Ser Arg 
355 360 365 
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Met Arg Ala Gin Leu Pro His Val hya Val His Aia Tyr Phe Ala Pro 

405 410 41S 

Val Thr Pro Pro Thr Aia Val Ala Cly Ser Gly Gin Arg Leu Cys Arg 

420 425 430 



atgtcaccgg tctttcccat gttaacagtt ctgaccatgt tttattatat atgccttcgg 60 

cgccgagcca ggacagctac aagacgagaa atgatgaaca cccatagagc tatagaatca 120 

aacagccaga cttcccctct caatccagag gtagtccagt atgccaaaga agtagtggat 180 

ttcagttccc attatggaag tgagaatagt atqtcctata ctatgtggaa tttggctggt 240 

gtaccaaacg tattcccaag ttcjtggtgac tctactcaga cagctgtgtt tcgaacttat 300 

gggacatggt gggatcagtg tcctagCgcL tccttgccat ccaagaggac gccacctaat 360 

tttcagagcc aggactatgt ggaacttact tttgaacaac aggtgtatcc tacagctgta 420 

catgttctag aaacctatca tccoggagca gtcattagaa ctctcgcttg ttctgcaaat 480 

ccttattccc caaatccacc agctgaagta agatgggaga ctctttggcc agagagacct 540 

acgaaggtga atgcttccca agctcgccag tttaaacctt gtattaag-a gataaatttc 600 

gatgcagttg tgctacatgg tgcgaaggac aagccagrgc -ttctctcaa gacttcactt '720 
attgacatga atgatataga agatgatgcc tatgcagaaa aggar.ggt-g tggaatggac 130 
agtcttaaca aaaagtttag cagtgctgtc ctcggggaag ggccaaataa tgggtatttt 340 
-ittcagccg atcctgaatc atccracact accagacctg SOO 
laactactg agccagcatt gctgrgatcc tctgcaatac S60 
;actgggca aaactagatg acacttctct ggaatttcta 1020 
cagtctcgct gcactcttgt ccagtggctt aacctatctc ggactggcaa tagaggcttc 1080 
atctctgttg caggatttag caggtttctg aaggtttgcg gatccgaatt agtacgcctt 1140 
gaattgtctt gcagccactt tcttaatgaa acttgcttag aagttatttc tgagatgtgt 1200 
ccaaatctac aggccttaaa tctctcctcc tgcgataagc taccacctca agctttcaao 1260 
cacatcgcca agttatgcag ccttaaacga cttgttctct atcgaacaaa agtagagcaa 1320 
acagoactgc tcagoatttt gaacttotgt toagagcttc agcacctcag tttaggcagt 1380 
tgtgtcatga ctgaagacta tgatgtgata gctagcatca taggagccaa gtataaaaaa 1440 
ctccggaccc tggatctgtg gagatgtaag aatattactg agaatggaat agcagaactg 1500 
gctcctgggt gtccactact ggaggagctt gaccttggcC ggtgcccaac i-CLgcagagc 1560 
agcaccgggt gccccaccag actcgcacac cagctcccaa acttgcaaaa actctttctt 1620 
acagctaata gatctgtgtg tgacacagac attgatgaat tggcatgtaa ttgtaooagg 1680 
ttacagcagc tggaaatatt aggaacaaga atggtaagtc oogcatcctt aagaaaactc 1740 
ctggaatctt gtaaagatct cccttcactt gatgtgtcct tctgttcgca gattgataac 1800 
agagctgtgc tagaactgaa tgcaagcttt ccaaaagtgt tcataaaaaa gagctttaor 1860 
cagtga 1866 

<210> 56 



Met Ser Pro Val Phe Pro Met Leu Thr Val Leu Thr Met Phe Tyr Tyr 
15 10 15 

lie Cys Leu Arg Arg Arg Ala Arg Thr Ala Thr Arg Gly Glu Met Met 
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Asn Trp Gin Arg lie Asp Leu Phe Asn Phe Gin lie Asp Val Glu Gly 
65 70 75 80 

Arg Val Val Glu Aan lie Ser hys Arg cys Val Gly Phe Leu Arg Lys 
85 90 95 

Leu Ser Lsu Arg Gly Cys lie Gly Val Gly Aep Ser Ser Leu Lys Thr 
100 105 110 

Phe Ala Gin Asn Cys Arg Asn He Glu His Leu Aon Leu Aan Gly Cys 

Thr Lys lie Thr Asp Ser Thr Cye Tyr Ser Leu Ser Ara Phe Cys Ser 
130 135 140 

Lys Leu Lys His Leu Xaa Leu Thr Ser Cys Val Ser lie Thr Abu Ser 

145 150 155 160 

Ser Leu Lys Gly He Sor Glu Gly Cys Arg Asn Leu Glu Tyr Leu Asn 
165 170 17S 

Leu Ser Trp Cys Asp Gin He Thr Lys Asp Gly He Glu Ala Leu Val 
180 185 190 

Arg Gly Cys Arg Gly Leu Lys Ala Leu Leu Leu Arg Gly Cys Thr Gin 
195 200 205 

Leu Glu Asp Glu Ala Leu Lys His He Gin Asn Tyr Cys His Glu Leu 
210 215 220 

Val Ser Leu Asn Leu Gin Ser Cys Ser Arg He Thr Asp Glu Gly Val 
225 230 235 240 

Val Gin lie Cys Arg Gly Cys His Arg Leu Gin Ala Leu Cys Leu Ser 
245 250 2SS 

Oly Cys Ser Asn Leu Thr Asp Ala Ser Leu Thr Ala Leu Gly Leu Asn 
260 26S 270 

Cys Pro Arg Leu Gir. He Leu Glu Ala Ala Arg Cys Ser His Leu Thr 
27S 280 285 

Asp Ala Gly Phe Thr Leu Leu Ala Arg Asn Cys Mis Glu Leu Glu Lys 
290 295 300 

Met Asp Leu Glu Xaa Cys He Leu He Thr Asp Ser Thr Leu He Gin 
305 310 315 320 

Leu Ser He His Cys Pro Lys Leu sin Ala Leu Ser Leu Ser His Cys 
325 330 335 

Glu Leu lie xaa Asp Asp Gly He Leu His Leu Ser Asn Ser Thr Cys 
340 345 350 

Gly His Glu Arg Leu Arg Val Leu Glu Leu Asp Asn Cv-~ Leu Leu He 
355 360 36£ 

Thr Asp Val Ala Leu Xaa His Leu Glu Asn Cys Arc Gly Leu Glu Arq 
S^O 375 380 

Leu Glu Leu Tyr Asp Cys Gin Gin Val Thr Arg Ala Gly He Lys Arg 
385 390 395 400 
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<400> S3 

ttttactgca cacagttcaL uLaLLLLgac gctgggcctg tctggtcCgt cttgaggatt 60 
attaacottt agaggtatca gagaagcaaa tgggtactgg tgaggctgct cattagggaa 120 
gagggcaaaa ggagoaccag ctaggtcaca gccatgtttc aggtcacaat gtgatgtcag 180 
atgttgctta taaatccttt ctcgtcctcg ccactcttaa atcttgatag gtgcctgttg 240 
ggaaactgta aatgccttt:: ccaatggaca atcaacagat tgggtgatgg tgaagtcggt 300 
caggaagaot caggtcttct agaggaaagg atgcctcatc acccottngg cccaggcagc 360 
tgctgtcaga gaatgacaca gcacctgcac agtcgctgtc cacttcctgc cactgctgtc 420 
ggtggggtga cgggagcaaa gtaggcgtgg actttgacat gagggagccg agcccgcs^c 4 80 
egcttgatgc ctgcacgggt aacctgctgg cagtcgtaca gctcgaggcg ctccaggcct 540 
cggcagttct ccaggtgtyc cagggccaca tcagtgatga ggaggcagtt atccaactcc 600 
agtacccgca gcctctcatg gccacaggta ctgttgctca ggtgcaggat cccatcatcC 650 
gkgatgagtt cacagcggga caggctcagg gcttgcagtt taggacagtg aatugagagc 720 
tggatgagtg tgctgrcggt tatcaggatg cawtcttcaa gatccatctt ctccaattcg 780 
tggcaatCcc gagctaaaag tg-aaaacct gcgtcagcca aatgggagca tcgggcagcc 840 
tccaaaattt gcagtcgcgg acagttcaaa cccagggctg :aagagaggc atctgtgagg SOO 
tcgctgcaac ccgaaaggca gagagcctgt agccggtgac agcccctgca tatctgcacc 960 
acaccttcat ccgcgatacg tgagcaggac tgcaagttga ggctcacaag ctcatggcag 1020 
taattctgaa tgtgtttcag agcttcatct tctaactgtg tgcagcccct caggagcagg 1080 
gctttcaggc ctcgacaacc tcgcaccagt gcctcgatgc catccttcgt gatctgatca 1140 
caccaagaga ggttcaggta ctccaggttt eggcagccct cactgatocc cttcaaggag 1200 
ctgtttgtaa tagacacaca ggaggtcaga wccagatgtt tcagcttgga acagaatctg 12S0 
ctaaggctat aacacgtgct gtcagtgatt tttgtgcatc cattgaggtt caaatgttca 132 0 
atgtttcggc agttctgtgc aaaggtcttc aaggaggaat ccccaacacc aatgcagcct 1380 
cgcaagctga gcttcctcag gaatccaacg catcgctccg agatattctc caccactcga 144 0 
ccctctacat ctatttgaaa gttaaaaaga tctattcctt gccagttgct tccatccagg 1500 
gctaagatgt tccaagcctt ggaaatctgt goacatcggc acaaagttao tatatcoaag ISSO 
aaggaaaata ttcttaacag aagttctttg ggtaactttt tgttaataag gccttcatca 1620 
ttgtttgaga aaaccatggc cgaagagccg cgagcgagcc cacagcccga agtcacacgg 1680 



<213> Homo s 



Arg Val Thr Ser Gly Cys Gly Leu Ala Arg Gly Ser Ser Ala Met Val 

15 10 IS 

Phe ser Asn Asn Asp Giu Gly I.eu lie Asn Lys '^ys Leu Pro Lys Glu 
20 25 30 

i.eu Leu Leu Arg lie Phe Ser Phe Leu Asp lie Val Thr Leu Cys Arg 

cys Ala Gin lie Ser Lye Ala Trp Aen lie Leu Ala Leu Asp Gly Ser 
50 ss 60 

44 



wo 00/12679 PCT/l)S99/195S0 

Thr Ala Trp Lys Asn hya Asp lie Thr Met ain Ser Thr hys Qln Tyr 
275 280 285 

Ala Cys Leu His Asp Leu Thr Asn Lys Gly lie Gly Glu Glu lie Asp 
290 295 300 

Asn Qlu His Pro Trp Thr Lys Pro Val Ser Ser Glu Asn Phe Thr Ser 

305 310 315 320 

Pro Tj-r Val Trp Met Leu Asp Ala 3lu Asp Leu Ala Asp He Glu Asp 
325 33C 335 

Thr Val Qlu Trp Arg His Arg Asn Val Glu Ser Leu Cys Val Met Glu 
340 345 350 

Thr Ala Ser Asn Phe Ser Cys Ser Thr Ser Gly Cys Phe Ser Lys Asp 
355 360 365 

lie Val Gly Leu Arg Thr Ser Val Cys Trp Gin Gin His Cys Als Ser 
370 375 380 

Pro Ala Phe Ala Tyr Cys Giy His Ser Phe Cys Cys Thr Gly Thr Ala 
385 390 395 400 

Leu Arg Thr Met Ser Ser Leu Pro Glu Ser Ser Ala Met cys Arg Lys 
405 410 415 

Ala Ala Arg Thr Arg Leu Pro Arg Gly Lys Asp Leu He Tyr phe Gly 
420 425 430 

Ser Glu Lys Ser Asp Gin Glu Thr Gly Arg Val Leu Leu Phe Leu Ser 
435 440 445 

Leu ser Gly Cys Tyr Gin He Thr Asp His Gly Leu Arg Val Leu Thr 

4S0 455 460 

Leu Gly Gly Gly Leu Pro l^r Leu Glu His Leu Asn Leu Ser Gly Cys 

465 470 475 435 

Leu Thr He Thr Gly Ala Gly Leu G^n Asp Leu Val Ser Ala Cys Pro 
485 490 495 

ser Leu Asn Asp Glu Tyr Phe Tyr Tyr Cys Asp Asn He Asn Gly Pro 
500 505 510 

His Ala Asp Thr Ala Ser Gly Cya Gin Asn Leu G'n Cys G^y Phe A'-q 
515 520 525 

Ala Cys Cys Arg Ser Gly Glu Pro Leu Thr Ser Asp Leu Cys Leu Leu 
S30 535 540 

His Leu Ala Glu Gin Ala Phe Phe His Ala Leu Tyr Ser His He Ser 
S45 550 555 560 

Cys Val Asn His Pro Phe Leu Ser Val Thr Cys Phe Gly Pro He Xaa 
565 570 575 

Tyr Asn Phe Arg Asn Leu Asn Tyr Oln Xaa He Val Met Leu 
580 585 S90 

<210> 53 
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<400> 52 

Gin His Cys Ser Gin Lys Asp Thr Ala Glu Leu Leu Arg Gly Leu Ser 

15 10 15 

Leu Trp Aan His Ala C-lu Glu Arg Gin Lys Phe Phe Lys Tyr Ser Val 
2C 25 3C 

Asp Glu Lys Ser Asp Lys Glu Ala Glu. Val Ser Glu His Ser Thr Gly 
35 40 45 

He Thr His Leu Pro Pro Glu val Met Leu Ssr He Phe Ser Tyr Leu 

50 55 60 

Asn Pro Gin Glu Leu Cys Arg Cys Ser Gin Val Ser Met Lys Trp Ser 
6E 70 75 80 

Gin Leu Thr Lys Thr Gly Ser Leu Trp Lys His Leu Tyr Pro Val His 
85 90 95 

Trp Ala Arg Gly Asp Trp Tyr Ser Gly Pro Ala Thr Glu Leu Asp Thr 

100 105 110 

Glu Pro Asp Asp Glu Trp Val Lys Asn Arq Lys Asp Glu Ser Arg Ala 
lis 120 125 

Phe His Glu Trp Asp Glu Asp Ala Asp He Asp Glu Ser Glu Glu Ser 
130 135 140 

Ala Glu Glu Ser He Ala He Ser He Ala Gin Met Glu Lys Arg Leu 
145 ISO 155 . 160 

Leu His Gly Leu He His Asr. Val Leu Pro Tyr Val Gly Thr Ser Val 
165 170 175 

Lys Thr Leu Val Leu Ala Tyr Ser Ser Ala Val Ser Ser Lys Met Val 
180 185 190 

Arc Gin He Leu Glu Leu Cys Pro Asn Leu Glu His Leu Asp Leu Thr 
195 200 205 

Gin Thr Asp He Ser Asp Ser Ala Phe Asp Ser Trp Ser Trp Leu Glv 
210 215 220 

Cys Cys Gin Ser Leu Arg His Leu Asp Leu Ser Gly Cys Glu Lys He 
225 230 235 240 

Thr Asp Val Ala Leu Glu Lys He Ser Arg Ala Leu Gly He Leu Thr 
245 250 255 

Ser His Gin Ser Gly Phe Leu Lys Thr Ser Thr Ser Lys He Thr Ser 
260 265 270 
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Ser Ser Gin Thr Thr Ala He Leu Gly Ala Leu Leu Gly Ser Cys Cys 

Pro Gin Leu Gin Val Leu Glu Val Ser Thr Gly He Asn Arg Asn Ser 
210 215 220 

lie Pro Leu Gin Leu Pro Val Glu Ala Leu Qln Lys Gly Cys Pro Gin 

225 230 235 240 

Leu Gin Val Leu Arg Leu Leu Asn Leu Met Trp Leu Pro Lys Pro Pro 
245 250 255 

Gly Arg Gly Val Ala Pro Gly Pro Gly Phe Pro Ser Leu Glu Glu Leu 
260 265 270 

Cys Leu Ala Ser Ser Thr Cys Asn Phe Val Ser 



<221> ir!odifisd_t 



<4D0> 51 

acaacactgc tcrtcagaagg atactgcaga actccttaga ggtcttagcc tatggaatca 60 
tgctgaagag cgacagaart tttttaaata ttccgtggat gaaaagtcag ataaagaagc 120 
agaagtgcca gaacactcca caggtataac ccatcttcct octgaggtaa tgctgtcaat 180 
tttcagctat cttaatcccc aagagttatg tcgatgcagt caagtaagca tgaaatggtc 240 
tcagctgaca aaaacgggat cgctttggaa acatctttac cctgttcatt gggccagagg 300 
tgactggtat agtggtoccg caactgaact tcatactgaa cctgatgatg aatgggtgaa 3 60 
aaataggaaa gatgaaaguc gtgcttttca tgagtgggat gaagatgctg acattgatga 420 
atctgaagag tctgcggagg aatcaattgc tatcagcatt gcacaaatgg aaaaacgttt 480 
actccatggc ttaattoata acgttctacc atatgttggt acttctgcaa aaaccteagt 540 
attagcatac agctctgoag tttccagcaa aatggttagg cagattttag agctttgtcc 600 
taacctggag catctggatc ttacccagac tcacatttca gattctgcat ttgacagttg 660 
gtcttggoct ggttgctgcc agagtcttcg gcatcttgat ctgcctggtt gtgagaaaat 720 
cacagatgtg gccctagaga agatttccag agctcttgga atCctgacat ctcatcaaag 780 
tggcttttcg aaaacatcta caagcaaaat tacttcaact gcgtggaaaa ataaagacat 840 
tacoatgoag tccaccaagc agtatgcctg tttgcacgat ttaactaaca agggcattgg 900 
agaagaaaca gataatgaac accoctggac taagcctgtt tcttctgaaa at'tcactcc S60 
tocttatgtg tggatgttag atgctgaaga tttggctgat attgaagata ctgtggaatg 1020 
gagacataga aatgttgaaa gtotttgtgt aatggaaaca gcatccaact ttagttgttc 1083 
cacctctggt tgttttagta aggacattgt tggactaagg actagtgtct gttggcagca 1140 
gcattgtgct tctccagcct ttgcgtattg tggtcactca tr.ttgttgca caggaacagc 1200 
tttaagaact atgtcatcac tcccagaatc ttctgcaatg tgtagaaaag cagcaaggac 1260 
tagatcgccr aggcgaaaag actcaattta ctttgggagt gaaaaatctg atcaagagac 1320 
tggacgtgta cttctgtttc tcagtttatc tggatgttat cagatcacag accatggtct 1380 
cagggttttg actctgggag gagggctgcc ttatttggag caccttaatc tctotggttg 1440 
tctcactaca actggtgcag gcctgcagga tttggtttoa gcatgtcctt cCctgaatga 1500 
tgaatacttt tactactgtg acaacattaa cggtcetcat gctgataccg ccagtggatg 1560 
ccagaatttg cagtgtggtt ttcgagcctg ctgccgctct ggcgaatgac ccttgacttc 1620 
tgacctttgt ccacttcatt tagctgagca ggctttcttt catgcacttt acccatagca 1680 
catttcttgt gttaaccatc cctttttgag cgtgacttgt tttgggccca ttnyttacaa 174 0 
cttcagaaat cttaattacc agtgrattgt aatgttg 1777 

e210> 52 
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<212> DNA 

<213> Homo sapiens 

<400> 49 

tgcggccgcg cccgcacccg caccggcacc cacgcccacg cccgaggaag ggcccgacgc 60 

gggctgggga gaccgcattc ccttggaaat cctggtgcag attttcgggt tgttggtggc 120 

ggcggacggc cccatgccct tcctgggcag ggctgcgcgc gtgtgccgcc gctggcagga 180 

ggccgcttcc caacccgcgc tatggcacac ogtgaccctg ccgtccccgc tggtcggccg 24 0 

gcctgccaag ggcggggtca aggcggagaa gaagotcott gcttccctgg agtggcttat 300 

gcccaatcgg ttttcacagc tccagaggot gaccctcatc caccggaagt ctcaggtaca 360 

ccccgegttg aagctggtag gtgagtgctg tcctcggctc actttcctca agctctccgg 420 

ctgccacggt gtgactgctg acgctctggr catgotagco aaagcctgct gocagctoca 480 

tagcctggac ctacagcact ccatggtgga gtccacagct gtggtgagct toctggagga 540 

ggcagggtcc cgaatgcgca actcgtggct gacctacagc tcccagacga cagccatoct SOO 

gggcgcattg ctggccagct gctgocccca gctccaggtc ctggaggtga gcaccggcat 660 

caaccgtaat agcattcccc ctcagctgcc cgtcgaggct ctgcagaaag gccgccctca 720 

gctccaggtg ctgcggctgt tgaacctgat gtggctgccc aagcctccgg gacgaggggt 780 

ggctcccgga ccaggcttcc ctagcctaga ggagctctgc ctggcgagct caacctgcaa 840 
ctttgtgagc 8S0 

<210> SO 
<211> 283 
<212> PRT 
<213> Homo sapiens 

<400> 50 

Ala Ala Ala Pro Ala Pro Ala Pro Ala Pro Thr Pro Thr Pro Glu Glu 
15 10 15 

Gly Pro Asp Ala Gly Trp Qly Asp Arg He Pro Leu Glu He Leu Val 
20 25 30 

Gir. He Phe Oly Leu Leu Val Ala Ala Asp Gly Pro Met Pro Phe Leu 
35 40 45 

Gly Arg Ala Ala Arg Val Cys Arg Arg Trp Gin Glu Ala Ala Ser Gin 
SO 55 60 

Pro Ala Leu Trp His Thr Val Thr Leu Ser Ser Pro Leu Val Gly Arg 
65 70 75 80 

Pro Ala Lys Gly Gly Val Lys Ala Glu Lys Lys Leu Leu Ala Ser Leu 
85 90 95 

Qlu Trp Leu Met Pro Asti Arg Phe Ser Gin Leu Gin Arg Leu Thr Leu 
100 105 110 

He His Trp Lys Ser Gin Val His Pro Val Leu Lys Leu val Gly Glu 
115 120 125 

Cys Cys Pro Arg Leu Thr Phe Leu Lys Leu Ser Gly cys His Gly Val 
130 135 140 

Thr Ala Asp Ala Leu Val Met Leu Ala Lys Ala Cys Cys Gin Leu His 
145 150 155 160 

Ser Leu Asp Leu Gin HiB Ser Mec val Glu Ser Thr Ala Val Val Ser 
165 170 175 

Phe Leu Glu Glu Ala Gly Ser Arg Met Arg Lys Leu Trp Leu Thr Tyr 
180 185 190 
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Cys Leu Met Leu Glu Thr Val Thr Val Ser Gly Cya Arg Arg Leu Thr 
180 185 190 

Asp Arg Gly Leu Tyr Thr lie Ala Gin Cys Cys Pro Glu Leu Arg Arg 

Leu Glu Val Ser Gly Cys Tyr Aen He Ser Asn Glu Ala Val Phe Asp 

Val Val Ser Leu Cys Pro Asn Leu Glu Hie Leu Asp Val Ser Gly Cys 
230 235 2iO 

Ser Lys Val Thr Cys He Ser Leu Thr Arg Glu Ala Ser He Lys Leu 
245 2S0 255 

Ser Pro Leu Kia Gly Lys Gin He Ser He Arg Tyr Leu Asp Met Thr 
260 265 270 

Asp Cys Phe Val Leu Glu Asp Glu Gly Leu H^s Thr He Ala Ala His 
2/S 280 285 

Cys Thr Gin Leu Thr His Leu Tj'r Leu Arg Arg Cys Val Arg Leu Thr 

Asp Glu Oly Leu Arg Tyr Leu Val He Tyr Cys Ala Ser He Lys Glu 

310 315 320 

Leu Ser Val Ser A.p Cys Arg Phe Val Ser Asp Phe Qly Leu Arg Glu 
3^5 330 

He Ala Lys Leu Glu Ser Arg Leu Arg Tyr Leu Ser He Ala His Cys 
340 345 

Oly Arg Val Thr Asp Val Gly He Arg Tyr Val Ala Lys Tyr Cys Ser 

Lys Leu Arg Tyr Leu Asn Ala Arg Gly Cys Glu Gly He Thr Asp His 
375 380 

Gly Val Glu Tyr Leu Ala Lys Asn Cya Thr Lys Leu Lys Ser Leu Asp 
"0 395 400 

He Gly Lys Cys Pro Leu Val ser Asp Thr Gly Leu Glu Cys Leu Ala 
405 *io 

Leu Asn Cys Phe Asn Leu Lys Arg Leu Ser Leu Lys Ser Cys Glu Ser 
420 425 

He Thr Oly Gin Gly Leu Gin He Val Ala Ala Asn Cya Phe Asp Leu 
435 440 

Gin Thr Leu Asn Val Gin Asp Cys Glu Val Ser Val Glu Ala Leu Arg 
450 455 460 

Phe val Lys Arg His Cys Lys Arg Cys Val He Glu His Thr Asn Pro 



39 



wo 00/12679 



PCT,X)S99/19S6fl 



aagcctattg gggttaagtt 
cctccatgcc tgectgcgtg 

actctggtco aocaaooaga 
cctaaacgga tgaaacttca 
ttgcatgaag tcagatagcc 
cttttgotaa taaacacatg 

tctgcatctc caagccagtt 

gatgaggtgg tgcctgccca 

taggccagga tctagtgaaa 

ttcctcagct ctgtgacttg 

attgtcecta atccttggcc 

gagcagggag atccagagaa 

gagacaaagc tgactgttca 

ettctcocag tcccctgtto 

ggttactggg gaaacagctc 

tgttgttgtc gt:ttttaat 
gccttaattt aocaccaaga 

<210> 48 
<211> 483 
<212> PRT 

<213> Homo sapiens 
<400> 48 

Tyr Gly Ser Glu Gly Lys Gly Ser Ser Ser lie Ser Ser Asp Val Ser 
15 10 IS 

Ser Ser Thr Asp His Thr Pro Thr Lys Ala Gin Lys Asn Val Ala Thr 
20 25 30 

Ser Glu Asp Ser Asp Leu Ser Met Arg Thr Leu Ser Thr Pro Ser Pro 
35 40 45 

Ala Leu lie Cys Pro Pro Asn: Leu Pro Gly Phe. Gln Asn Gly Arg Gly 
50 55 SO 

Ser Ser Thr Ser Ser Ser Ser lie Thr Gly Glu Thr Val Ala Met Val 
65 70 75 80 

His Ser Pro Pro Pro Thr Arg Leu Thr His Pro Leu lie Arg Leu Ala 
85 90 95 

Ser Arg Pro Gin Lys Glu Gin Ala Ser He Asp Arg Leu Pro Asp His 
100 105 110 

Ser Met Val Gin He Phe Ser Phe Leu Pro Thr Asn Gin Leu Cya Arg 
115 120 125 

Cys Ala Arg Val Cys Arg Arg Trp Tyr Asn Leu Ala Trp Asp Pro Arg 
130 135 140 

Leu Trp Arg Thr He Arg Leu Thr Gly Glu Thr He Asn Val Asp Arg 
145 150 155 160 

Ala Leu Lys Val Leu Thr Arg Arg Leu Cys Gin Asp Thr Pro Asn Val 
165 170 175 



tttcccacca aacaatccaa agcagactcc caggtgttta 2880 
gccagatgaa tggaagaggg aacacactga gatgacttag 2940 
cccttggaaa ggaatactaa aatcattaca aggtatggat 3000 
aatcatctta tttggataga agtccatatt ctagcctcat 3060 
agaagaaatc ccattgctgg ttttcacgaa attcacttgt 3120 
gccctttocc agattattct ctagccaagc cccacctttg 3180 
tattttcttc tcaaaatgcc cattatccaa atgcagaacc 3240 

gcatactgtc gtcttctgtg ggggatggag aggttagtgt 3 3 60 
ggaggtttct ttcaaacatc atggcctccc atccaatcaa 3420 
aatoaaggct ctgtgecatg ggggaaatga atcatttagc 3480 
gccacagagt ttaaaaccat gaaagaagtt gaaggcagca 3540 
tgaccctatt tgaagtttca ggacttgggt gtcacaaagg 3600 
ctggggtctt ccgagtgagc tggtttaata ctctgagaat 3660 
tgaatccctg accgcatcac ctaaactgtc ttccaaacat 3720 
cactgatCgc ccagcacata ccgtcttgcc agtttcttct 3780 
atccattctg Ctctcccttg gggtgggaaC ctatgatgga 3840 
agcagatttt tggagaccaa accaaaggtc tcactaggaa 3900 
tgcttccttc ctggctctgc taaatcgaat gctcattgtt 3960 
tctaatgttc aaatcactgc gtgotgtatg aatctagaaa 4 020 
aataaagcaa tatgttcgt 4059 
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Phe Trp Lyc Asp Ser Gly Hie Pro Cye Thr Ala Ala Asp Pro Aep Ser 

245 250 255 

Cys Phe Thr Pro Val Ser Pro Gin His Phe He Asp Leu Phe Lys Phe 

260 265 270 



<212> DMA 

<213> Homo sapiens 

<400> 47 

agtacggcag tgagggcaaa ggcagctcca gcatotcatc tgacgtgagt ccaagtacag 60 
atcaoaogco caotaaagcc cagaagaatg tggctaccag cgaagactcc gacccgagca 120 
tgcgcacact gagcacgccc agcccagccc tgatatgtcc accgaatctc ccaggacttc ISO 
agaatggaag gggctcgtcc acctcctcgt cctccatcac cgqggagacq gtggccatgg 240 
tgcactcccc gcocccgacc cgcctcacac acccgctcat ccggctcgcc tccagacocc 300 
agaaggagca ggccagcata gaccggctcc cggaccactc catggtgcag atcttcccct 360 
tcctgcccac caaccagctg tgccgctgcg cgcgagtgtg ccgccgctgg tacaacctgg 420 
cctgggaccc gcggctctgg aggactatcc gcctgacggg cgagaccatc aacgtggacc 480 
gcgccctcaa ggtgctgacc cgcagactct gccaggacac ccccaacgtg tgtctcatgc 540 
tggaaacogt aactgtcagt ggctgcaggc ggctcacaga ccgagggctg tacaccatcg 600 
cccagtgctg ccccgaactg aggcgactog aagtctcagg ctgttacaat atctocaacg S60 
aggccgtctt tgatgtggtg Lccctc-Lgcc ctaatctgga gcacctggat gtgtcaggat 720 
gctccaaagt gacctgcatc agcttgaccc gggaggcctc cattaaactg tcacccrtgc 780 
atggcaaaca gatttccatc cgctacctcg acatgacgga ctgcttcgtg ctggaggacg 840 
aaggcctgca caccaccgcg gcgcactgca cgcagctcac ccacctctac ctgcgccgct 900 
gcgtccgcct gaccgacgaa ggcctgcgct acotggtgat ctactgcgcc tocatcaagg S60 
agctgagcgt cagcgactgo cgcttcgtca gcgacttcgg cotgegggag atogccaagc 1020 
tggagccccg cctgcggtac ctgagcatcg cgcactgcgg ccgggtcacc gacgtgggca 1080 
tccgctacgt ggccaagtac tgcagcaacc tgcgctacct caacgcgagg ggctgcgagg 1140 
gcatcaogga coacggtgtg gagtacctcg ccaagaactg caccaaacto aaatccotgg 1200 
acatcggcaa atgccctttg gcatccgaca cgggcctgga gtgcctggcc ccgaacEgct 1260 
tcaacctcaa gcggctcagc ctcaagtcct gcgagagcat caccggccag ggcttgcaga 1320 
togtggocgo oaactgcttt gacctccaca cgctgaatgt ccaggactgc gaggtccocg 1380 
tggaggccct gcgcttcctc aaacgccact gcaagcgccg cgccatcgag cacaocaacc 1440 
cggctttctt ctgaagggac agagttcatc cggcgttgta ttcacacaaa cctgaacaaa ISOO 
gcaaattttt ttaaaagcag cgtatgtaag caccgacacc cactcaaaac agctctttct 1560 
tccgggaagg ttattagcaa tctggccttt atttttcctc atttcccatg ggcaacagag 1620 
gccaaagaaa cgaagcaaga caaacagcaa acaggcattt tggtcaggtc atttgtaggc 1680 
agtttctctt ctcacaaaag atgtacttaa gcaggctgat cgctgttcct tgagcaaggc 174 0 
gcttactctc ctccgctcag gcccccaagg ccgccctttc cctcgcacac aggccccaco 1800 
cccacagttc cacgcccccc ccceaaggcc acaccctccc tccctagagc agcagcgagg 1860 
atceatcatc agaatcacag tgctctccag acctcctctc taaactgctc cattgaccta 1920 
agtcactctc ttcaatccca cacccatgga cattcttgtc aactcaatac catagcactt 1980 
tgcataggca aaatactttt caggcctttt taaaaaattc attacagcaa acagctgggg 2040 
aaggacatgc agtcctcccc cagctctgtc aatgactatg accttggcca aagcacttca 2100 
ctgctctggg ctgcagcttc cagcactgaa tcagaggcca cacagccoaa agattagctt 2160 
oatgtccatt atagcattga gggagcagag atacccatac acagaagcao cttggcatag 2220 
agcacccagg catcgacctc ttccaggaga actgattctg tggatggatg tgatttcaog 22B0 
agattgtgca gtgccagcat cagtgcataa agggtcctgt atgtcctttg gctgcaaatc 2340 
acccacttcc ctgtgtttca gtgggagaat ttcctetccc acctcctcac atoctctttt 24 00 
gccaggctgg atgctgtcgt ctctgtacac aaatactttc tgcattcccc cctccacacc 2460 
atcctagcga ggcaccagca cacctaatca cagcaaagcc cagatccccc oatcagttgc 2520 
ttttacccag tgttttcaaa taggagtaaa ggcccttgca atttttaatt aacaagcaag 2580 
gcccaaggga acacatgtcc tcaaaagttt ttctgatccc tcgccttgca cacccggcat 2640 
gcatcaggca catctgtcct acagctggca gagacagatg cctcggttct ttgtcattca 2700 
gattgoattt gacctcttct catctattta tttctttata catccagact tcatcacatg 2760 
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accggttctc agacggatgg gacatcatca ccctaggcca ggtgaccccc acgrtgtata S60 

tgcttagtga agacagacag ctgtggaaga agctttctca gtaccat-tt gctgaaaagc 720 

agttttgtag acatttgatc ctttcagaaa aaggtcatat tgaatggaag ttgatgtact 780 

ttgcacttca gaaacattac ccagcgaagg agcagtacgg agacacactg oatttctgto 840 

ggcaccgcag cactctcctc tggaaggact caggacaccc ctgcacggcg gccgaccctg 900 

acagctgctt cacgcctgtg tctccgoagc acttcatcga cctcttcaag ttttaagggc 960 

tgcccctgcc atccctattg gagattgtga atcctgctgt ctgtgcaggg ctcatagtga 1020 

gtgtcctgtg aggtgggtgg agactccccg gaagcccctg cttccagaaa gcccgggaag 1080 

aactgccctt ctgcaaaggg gggactgcat ggttgcattt tcatcactga aagtcagagg 1140 

ccaaggaaat catttctact tctttaaaaa ctccttctaa gcatattaaa atgcgaaatt 1200 

ttgcgtactc tccc 1214 

<210> 45 
<211> 272 
<212> PRT 

<213> Homo sapiens 

Leu lie Leu Thr Ser Val Leu Leu Phe Gin Arg His Gly Tyr Cys Thr 
IS 10 15 

Leu Gly Glu Ala Phe Asn Arg Leu Asp Phe Ser Ser Ala He Gin Asp 
20 25 30 

He Arg Thr Phe Asn Tyr Val Val Lys Leu Leu Gin Leu He Ala Lys 
35 40 45 

Ser Gin Leu Thr Ser Leu Ser Gly Val Ala Gin Lys Asn Tyr Phe Asn 
50 55 50 

He Leu Asp Lys He Val Gin Lys Val Leu Asp Asp His His Asn Pro 
65 70 75 80 

Arg Leu He Lys Asp Leu Leu Gin Asp Leu Ser Ser Thr Leu Cys He 
85 90 95 

Leu He Arg Gly Val Gly Lys Ser Val Leu Val Gly Asn He Asn He 
100 105 110 

Trp He Cys Arg Leu Glu Thr He Leu Ala Trp Gin Gin Gin Leu Gin 
115 120 125 

Asp Leu Gin Met Thr Lys Gin Val Asn Asn Gly Leu Thr Leu Ser Asp 
130 135 140 

Leu Pro Leu His Met Leu Asn Asn He Leu Tyr Arg Phe Ser Asp Glv 
145 150 155 160 

Trp Asp lie He Thr Leu Gly Gin Val Thr Pro Thr Leu Tyr Met Leu 
165 170 175 

Ser Glu Asp Arg Gin Leu Trp Lys Lyg Leu Cys Glu Tyr His Phe Ala 
180 IBS 190 

Giu Lys Gin Phe Cys Arg His Leu He Leu Ser Glu Lys Gly His He 
195 200 205 

Glu Trp Lys Leu Met Tyr Phe Ala Lea Gin Lys His Tyr Pro Ala Lys 
210 215 220 

Glu Gin Tyr Gly Asp Thr Leu His Phe Cys Arg His Cys Ser He Leu 
225 230 235 240 
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Gly Lys He His Ser Thr Phe Ala Ala Lye Tyr Trp Ala His Glu Gin 
310 315 

Glu Val Asn Cye Val Asp Cys Lys Gly Gly He He Ser Phe Gly Ser 
325 330 335 

Arg Asp Arg Thr Ala Lys Val Trp Pro Leu Ala Ser Gly Gin Leu Gly 
340 345 350 

Gin Cys Leu Tyr Thr He Gin Thr Glu Asp Gin He Trp Ser Val Ala 
35S 360 365 

He Arg Pro Leu Leu Ser Ser Phe Val Thr Gly Thr Ala Cys Cys Gly 
370 375 380 

His Phe 3er Pro Leu Lys He Trp Asp Leu Asn Ser Gly Gin Leu Met 
3S0 395 

Thr His Leu Asp Arc Asp Phe Pro Pro Arg Ala Gly Val Leu Asp Val 
405 410 415 

He Tyr Glu Ser Pro Phe Ala Leu Leu Ser Cys Gly Tyr Asp Thr Tyr 
420 425 430 

Val Arg Tyr Trp Asp Cys Arg Thr Ser Val Arg Lys Cys Val Met Glu 
435 440 445 

Trp Glu Glu Pro His Asn Ser Thr Leu Tyr Cys Leu Gin Thr Asp Gly 

Asn His Leu Leu Ala Thr Gly Ser Ser Phe Tyr Ser Val Val Arg Leu 
475 480 

Trp Asp Arg His Gin Arg Ala Cys Pro His Thr Phe Pro Leu Thr Ser 
485 490 495 

Thr Arg Leu Gly Ser Pro Val Tyr Cys Leu His Leu Thr Thr Lys His 
SCO 505 5-c 

Leu Tyr Ala Ala Leu Ser Tyr Asn Leu His Val Leu Asp He Qln Asn 



PC™S99/19560 



<210> 45 
<211> 1214 




gcattgctat aatttcacta tactctcatc 
caaattgtcc tttgccaaaa acctttttaa 
tctttttggc taatCgacta atcttaactt 
gcaccttggg agaagccttt aatcggttag 
cgttcaatta tgtggtcaaa ctgttgcagc 
gtggcgtggc acagaagaat tacttcaaca 
atgaccacca caatcctcgo ttaatcaaag 
gcattcttat tagaggagta gggaagcctg 
gccgattaga aactattctc gcctggcaac 
aagtgaacaa tggcctcacc ctcagtgacc 



taaatctaaa atcagtcttc aaaataaaaa 60 
tcgcacaatt aatcgacatt aactgccaat 120 
ctgtgttgct tttccagagg catggctatt 180 
acttctcaag tgcaattcaa gatatccgaa 240 
taattgcaaa atcccagcca acttcattga 300 
ttttggataa aatcgttcaa aaggttcttg 360 
atcttctgca agaoctaagc tctacccCct 420 
tattagtggg aaacatoaat atttggattt 480 
aacagctaca ggatcttcag atgactaagc 540 
ttcctctgca catgctgaac aacatcctat 600 
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Asp Cly Glu 
3S 

Arg Pro Arg 
50 

Arg Oly He 
65 

Ala Gin Gly 

Arg Arg Glu 

Val Trp Ala 
115 

Arg Glu Glu 
130 

Ala Gly Pro 
145 

Cys Ser Tyr 

Arg Trp Leu 

Ala Trp Ala 
195 

Met Thr ser 
210 

Cys Arg Glu 
225 

Met Gin Leu G 

Leu Gly Val S 
275 

Ala Thr Ser B 
2S0 



Gly Gly 



Arg Lys 



16S 

Trp His 



Val Pro 

Gly He 



Gly Arg Cly Arg Gly Arg Glu Lys 
10 

Arg Lys Cln Oly Cly Arg Glu Ala 
25 

Ser Gly Pro Gly Ala Glu Ala Oly 
40 45 

Ala Glu Gly Gly Gly Ser Val Glu 
55 60 

Gly Asp Glu Gly Ser Val Gly Ala 
70 75 

Tyr Gly Lys Glu Glu Tirp Arg Val 
90 

Arg Pro Gly Arg Val Gin Gly Gin 
105 

Pro Gly Thr Gly Ala Ala Met Ala 
120 125 

Glu Ala Ala Arg Glu Ser Ala Ala 
135 140 

Trp Arg Leu Pro Glu Val Leu Leu 
150 155 

Met Arg Ala Leu Gly Arg Leu Ala 
170 

Phe Thr ASn cys Asp Led Leu Arg 
185 

Asn Ser Gly Phe Thr Arg Leu Gly 
200 205 

val Lye Val Ser Gin Asn Trp He 
215 220 

Leu Leu Lys Trp Arg Cys Ser Gin 
230 235 

Asp Ala Leu Tyr He Ser Gin Ala 

Arg Pro Asp Gly Ala Ser Leu Asn 

Gly His Asp Glu Asp Val Cys His 
280 285 

Val Ser Ala Gly Gly Asp Oly Lys 
295 300 



Arg Ala Arg 
15 

Arg Ala Ala 
30 

Ala Arg Thr 

Glu Gly Ala 

Gly Lys Glu 
80 

Arg Ala Arg 
95 

Gly Gly Gin 
110 

Ala Ala Ala 

Cys Pro Ala 

Qln Val Tyr 
175 

Arg Gin He 

190 

Thr Asn Leu 
Val Gly Cys 

Met Pro Trp 

24C 

Asn Phe He 
255 

Phe Val Leu 
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Pro Arg Cys Aep Thr Val Tyr Arg hys Tyr Leu Tyr Val Leu Ala Thr 
180 185 ISO 

Arg Glu Pro Gin Glu Val Val Gly Thr Thr Ser Ser Arg Ala Cye Asp 
195 200 205 

Cys Val Glu Val Tyr Leu Gin Ser Ser Gly Gin Arg Val Phe Lve Met 
210 215 220 

Thr Phe His His Ser Met Thr Phe Lye Gin He Val Leu Val Gly Gin 
225 230 235 240 

Glu Thr Gin Arg Ala Leu Leu Leu Leu Thr Glu Glu Gly Lys He Tyr 

245 250 25S 

Ser Leu Val Val Asn Glu Thr Gin Leu Aep Gin Pro Arg Ser Tyr Thr 

Val Gin Leu Ala Leu Arg Lya Val Scr His Tyr Leu Pro His Leu Arg 
2~S 280 285 

Val Ala Cyo Met Thr Ser Asn Gin Ser Ser Thr Leu Tyr Val Thr Asp 
290 29b 300 

Pro He Leu Cys Ser Trp Leu Gin Pro Pro Trp Pro Gly Gly 



<211> ISSC 

<213> Homo sapiens 



cgagggggaa gcgaaggaag gggaagagga 

aagaggaagc agggcggaag ggaagccogg 
ggggctgagg cgcgagcgag gacacgccca 
gaggaagggg cgagaggcat catcaaagga 
gcacaaggaa gaaagtatgg gaaggaggaa 
gccaggccgg gaagagtaca aggacaagga 
ggggcggcca tggcggcggc agccagggag 
gcctgcccgg ctgcggggcc agogctctgg 
tgctcctacc tcgacatgcg ggccctcggc 
cacttcacca actgcgacct gctccggcgc 
ttcacgcggc tcggcaccaa cctgatgacc 
atagtggggt gctgccgaga ggggattctg 
atgcagctag aggatgatgc tttgtacata 
ttccgtccag atggtgccag cttgaaccgt 
gaggaogttt gccactttgt gctggccacc 
aagattggcc ttggCaagat tcacagcacc 
gaggtgaact gtgtggattg caaagggggc 
gccaaggtgt ggcctttggc cccaggccag 
gaagaccaaa Cctggtctgt tgctatcagg 
gcctgttgtg ggcacttctc acccctgaaa 
acacacttgg acagagactt ccccccaagg 
ccCttogcac tgctctcctg tggctatgac 
agtgtccgga aatgtgtcat ggagtgggag 
cagacagatg gcaaccacct gcttgccaca 
tgggaccggc accaaagggc ctgcccgcac 
agccctgtgt actgcctgca tctcaccacc 
ccccacgtcc tggatattca aaacccgtga 



agggaaaagc gagcgagagg ggcaaggcgg 60 
gccgcagacg gcgaaggagg cagcgggccg 120 
agagaggaag cagagggagg cggaagcgcg 180 
catgagggga gcgtaggggc cgggaaagag 240 
tggagggtca gggctaggcg gcgggagggo 300 
ggtcaggttt gggcctacat cccggggaca 360 
gaggaggagg aggcggctcg ggagtcagcc 420 
cgcctgccgg aagtgctgct gotgcacatg 480 
cgcctggccc aggtgcaccg ctggctgtgg 540 
cagatagcct gggcctcgct caactccggc 600 
agtgtcccag tgaaggtgtc tcagaactgg 6G0 
ctgaagtgca gacgcagtca gatgccctgg 720 
tcccaggcta atttcatcct ggcctaccag 7B0 
cagcctctcg gagtctctgc tgggcatgat 840 
tcgcatattg tcagtgcagg aggagatggg 900 
ttcgctgcca agtaotgggc tcatgaacag 960 
atcatatcat ttggctccag ggacaggacg 1020 
^tggggcagt gtttatacac catccagact 1030 
ccattactca gctcttttgt gacagggacg 1140 
atctgggacc tcaacagtgg gcagctgatg 1200 
gccggggtgc tggatgtcat atatgagtcc 1260 
scctatgttc gctactggga ctgccgcacc 1320 
gagccccaca acagcaccct gtactgcctg 1380 
ggttcctcct tctatagcgt tgtacggctg 1440 
accttcccgo tgacgtcgac ccgcctoggc 1500 
aagcatctct atgctgcgct gtcttacaac 1560 
1S90 
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<211> 957 
e212> DMA 
c213> Homo sapiens 

<400> 41 

atgggcgaga aggcggtccc tttgctaagg aggaggcggg tgaagagaag ctgcccctct 60 
-gtggctcgg agcttggggt tgaagagaag agggggaaag gaaatccgat ttccatccag 120 
rtgccccooc cagagctggt ggagcatatc atctcattcc tcccagtcag agaccttgtt 180 
gccctcggcc agacctgccg ctacttccac gaagtgtgcQ atggggaagg cgtgcggaga 240 
cgcarctgcc gcagactcag tccgcgcctc caagatcagg acacgaaggg cctgtatttc 300 
caggcactcg gaggccgccg ccgatgtctc agcaagagcg tggccccctt gctagcccac 360 
ggctaccgcc gcttcttgcc caccaaggat cacgtcttca ttctcgacta cgtggggacc 420 
ctcttcttcc tcaaaaatgc cctggtctcc accctcggcc agatgcagtg gaagcgggcc 480 
tgtcgctatg ttgtgttgtg tcgtggagcc aaggattttg cctcggaccc aaggtgtgac 540 
acagtttacc gcaaaCaccC ccacgtcttg gccactcggg agccgcagga agtggtgggt 600 
accaccagca gccgggcctg tgactgtgtt gaggtctatc tgcagtctag tgggcagcgg 6S0 
gtcttcaaga tgacattcca ccactcaatg accttcaagc agatcgtgct ggttggtcag 720 
gagaoccagc gggccctact gctcctcaca gaggaaggaa agatctactc tttggtagtg 780 
aatgagaccc agcttgacca gccacgctcc tacacggttc agctggccot gaggaaggtg 640 
tcccactacc tgcctcacct gcgcgtggcc tgcatgactt ccaaccagag cagcaccocc 900 
tacgtcacag atcctattct gtgctcttgg ctacaaccac cttggcctgg tggatga 957 

<210> 42 
<2I1> 318 
<212> PRT 
<:213> Homo sapiens 

<400> 42 

Met Gly 01u hye Ala Val 



Ser Cys Pro Ser Cys Gly 



Lys Gly Asn Fro He Scr 



His He He Ser Phe Leu 
SO 

Thr Cys Axg tyr Phe His 

65 70 

Arg :ie Cys Arg Arg Leu 
65 

Gly Leu Tyr Pke Gin Ala 
100 

Ser val Ala Pro Leu Leu 
115 

Lys Asp His Val Phe lie 
130 

Lys Asn Ala Leu Val ser 

145 150 

Cys Arg Tyr Val Val Leu 
165 



Pro Leu Leu Arg Arg Arg 
10 

Ser Glu Leu Gly Val Glu 



Aep Leu Val 
60 

Asp Gly Glu 

75 

Arg Arg Arg 
Tyr Arg Arg 



a Gly Gly 
105 

a His Gly 

120 

1 Asp Tyr Val Gl; 

r Leu Gly Gin Mel 
15! 

3 Arg Gly Ala Lyi 



Arg Val Lys Arg 

Glu Lys Arg Gly 

Giu Leu Val Glu 
45 

Ala Leu Gly Gin 

Gly val Tip Arg 

Gin Asp Tlir Lys 
95 

Cys Leu Ser Lys 
HO 

Phe Leu Pre Thr 
125 

Leu Phe Phe Leu 

Trp Lys Arg Ala 
160 

Phe Ala Ser Asp 
175 
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gccatcgtgg tgaaggactg gtactcgggc cgcagcgacg ctggttgect otaogagctc 540 
accgttaagc tactgtccga gcacgagaac gtgccggctg agttcagcag cgggcaggtg 600 
gcagtgcccc aagacagtga cggcgggggc tggatggaga tctcccacac ctccaccgac 660 
tacgggccgg gcgtccgctt cgtccgcttc gagcacgggg ggcagggetc cgtctaotgg 720 
aagggctggt tcggggcccg ggtgaccaac agcagcgtgt gggcagcacc ctga 774 



Ala Ala Ala Ala Ala Ala Tyr Leu Asp Glu Leu Pro 31u Pro Leu Leu 
15 10 IS 

Leu Arg Val Leu Ala Ala Leu Pro Ala Ala Qlu Leu Val Gin Ala Cys 

Arg Leu Val Cys Leu Arg Trp Lys Glu Leu Val Asp Gly Ala Pro Leu 
35 40 45 

Trp Leu Leu Lys Cys Gin Gin Glu Gly Leu Val Pro Glu Gly Sly Val 
SO 55 60 

Slu Glu Glu Arg Asp His Trp Gin Gin Phe Tyr Phe Leu Ser Lys Arg 

65 70 75 80 

Arg Arg Asn Leu Leu Arg Asn Pre Cys Gly Glu Glu Asp Leu Glu Gly 
85 90 95 

Trp Cys Asp Val Glu His Gly Gly Asp Gly Trp Arg Val Glu Glu Leu 
100 105 110 

Pro Gly Asp Ser Gly Val Glu Phe Thr His Asp Glu Ser Val Lys Lvs 
lis 120 125 ' 

■■■yr Phe Ala Ser Ser Phe Glu Trp Cys Arg Lys Ala Gin Val lie Asp 

Leu Gin Ala Glu Gly Tyr Trp Glu Glu Leu Leu Asp Thr Thr Gin Pro 
ISO 155 j^gQ 

Ala lie val Val Lys Asp Trp Tyr Ser Gly Arg Ser Asp Ala Gly Cys 
165 170 175 

Leu Tyr Glu Leu Thr val Lys Leu Leu Ser Glu His gtu A-n Val Leu 
IBO 185 

Ala Glu Phe ser Ser Gly Oln Val Ala Val Pro Gin Asp Ser Asp Gly 
ISS 200 20s 

Gly Gly Trp Met Glu lie Ser His Thr Phe Thr Asp Tyr Gly Pro Gly 
210 215 220 

Val Arg Phe Val Arg Phe Glu His Gly Gly Gin Gly Ser Val Tyr Trp 
230 235 240 

Lys Gly Trp Phe Gly Ala Arg Val Thr Asn Ser Ser Val Trp Val Glu 
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<400> 37 

ggctccggtt tccgggccgg cgggtggccg ctcaccatgc ccggnaagca ccagcatttc 60 

caggaacctg aggtcggctg ctgcgggaaa tacttcctgt ttggcttcaa cattgtcttc 120 

tgggtgctgg gagccctgtt cctggctatc ggcctccggg cctggggtga oaagggcgtt 180 

ctctcgaaca tcccagcgct gacagatctg ggaggccttg acoccgtgtg gcttgtttgt 240 

ggtagttgga ggcgtcatgt cggtgctggg ctttgctggg ctgcaattgg ggccctccgg 300 

gagaacacct tcctgcccaa gtttttctnc gngtccctcg gtctcatctt cttcctggag 360 
ctggcaac 368 

<210> 38 



:213> Homo sapier 



«221> SITE 

<222> all Xaa positions 

<223> Xaa=unknown amino acid reGidue 



Gly Ser Gly Phe Arg Ala Gly Gly Trp Pro Leu Thr Met Pro Gly Lys 
15 10 15 

His Gin His Phe Gin Glu Pro Glu Val Gly Cys Cys Gly Lys Tyr Phe 
20 25 ' 30 

Leu Phe Gly Phe Asn lie Val Phe Trp Val Leu Gly Ala Leu Phe Leu 
35 40 45 

Ala He Gly Leu Trp Ala Trp Gly Glu Lys Gly Val Leu Ser Asn He 
50 55 60 

Ser Ala Leu Thr Asp Leu Gly Gly Leu Asp Pro Val Trp Leu Val Cys 
55 70 75 80 

Gly Ser Trp Arg Arg His Val Gly Ala Gly Leu Cys Trp Ala Ala He 
85 90 S5 

Gly Ala Leu Arg Glu Asn Thr Phe Leu Leu Lys Phe Phe Xaa Xaa Phe 
100 105 110 

Leu Gly Leu He Phe Phe Leu Glu Leu Ala 
115 120 



<210> 39 
<211> 774 
<212> DNA 
<213> Homo sapiens 

■:40D> 39 

gcggcggccg ccgccgcgta cctggacgag 
gccgcactgc cggccgocga gctggtgcag 
gagctcgtgc acggcgcccc gctgtggctg 
gagggcggcg tggaggagga gcgcgaccac 
cgccgcaacc ttctgcgtaa cccgtgtggg 
gagoatggtg gggacggctg gagggtggag 
acccacgatg agagcgtcaa gaagtacttc 
caggtcattg aoctgcaggc tgagggotac 



ctgcccgagc cgctgctgct gcgcgtgctg €0 

gcccgccgcc tggtgtgcct gogctggaag 120 

ctcaagtgcc agcaggaggg gctggtgccc 180 

tggcagcagt tctacttcct gagcaagcgg 240 

gaagaggact tggaaggctg gtgtgacgtg 300 

gagctgcctg gagacagtgg ggtggagttc 360 

gccrcctcct ttgagtgg::g tcgcaaagca 420 

tgggaggagc tgctggacac gacCcagccg 480 
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Glu Thr Glu Thr Ala Pro Leu Thr Leu Glu Ser Leu Pro Thr Asp Fro 
- S 10 IS 

Lea Leu Leu lie Leu Ser Phe Leu Asp Tyr Arg Asp Leu He Asn Cys 
20 25 30 

cys Tyr Val Ser Arg Arg Leu Ser Gin Leu Ser Ser His Asp Pro Leu 
35 40 45 

Trp Arg Arg Hie Cyo Lys Lys Tyr Trp Leu He Ser Olu Glu Glu Lys 

Thr Gin Lys Asn Gin Cys Trp Lys Ser Leu Phe lie Asp Thr Tyr Ser 
65 70 75 80 

ABp Val Gly Arg Tyr He Asp His Tyr Ala Ala He Lys Lys Ala Ser 
85 90 35 

Gly Met He Ser Arg Asn He Trp Ser Pro Gly Val Leu Gly Trp Val 
100 105 xiO 

Lei; Ser Leu Lys Glu Gly Cys Ser Arg Gly Arg Pro Arg Cys Cys Gly 
115 120 125 ^ 

Ser Ala Asp Trp Ala Ala Ser Phe Leu Asp Asp Tyr Arg Cys Ser Tyr 
130 135 

Arg He His Asn Qly Gin Lys Leu Val Gly Ser Trp Gly Tyr Trp Qlu 



Ala Trp B 



I Leu Lys He Cys 



Gin Leu Pro Glu He Pro Ala Glu Thr Gly Thr Glu He Leu Ser Pro 
lac 185 190 

Phe Asn Phe Cys He His Thr Gly Leu Ser Gin Tyr He Ala Val Glu 

Ala Ala Glu 31y Asn Lys Asn Glu Val Phe Tyr Gin Cys Gin Thr Val 
Glu Arg Val Phe Lys l-yr Gly He Lys Met Cys Ser Asp Gly Cys He 
Asn Gly Met His val phe Ser 



<210> 37 
<211> 36a 
<212> DNA 
<:213> Homo sapiens 

<220> 

<221> modified_base 
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<21I> 178 
<212> PRT 

c213> Homo sapiens 
<:400> 34 

Arg Pro Arg Pro Gly Leu Arg Gly Gly Arg Ala Pro Cys Glu Val Thr 
IS 10 IS 

Met Glu Ala Gly Gly Leu Pro Leu Glu Leu Trp Arg Met lie Leu Ala 
20 25 30 

Tyr Leu His Leu Pro Asp Leu Gly Arg Cys Ser Leu Val Cys Arg Ala 
35 40 45 

Trp Tyr Glu Leu lie Leu Ser Leu Asp Ser Thr Arg Trp Arg Gin Leu 
50 55 60 

Cys Leu Gly Cys Thr Glu Cys Arg His Pro Aen Trp Pro Asn Gin Pro 
65 70 75 80 

Asp Val Glu Pro Glu Ser Trp Arg Glu Ala Phe Lys Gin His Tyr Leu 
85 90 95 

Ala Ser Lys Thr Trp Thr Lys Asn Ala Leu Asp Leu Glu Ser Ser lie 
lOO 105 110 

Cys Phe Ser Leu Phe Arg Arg Arg Arg Glu Arg Arg Thr Leu Ser Val 
115 120 125 

Gly Pro Gly Arg Glu Phe Asp Ser Leu Gly Ser Ala Leu Ala Met Ala 
130 135 140 

Ser Leu Tyr Asp Arg lie Val Leu Phe Pro Gly Val Tyr Glu Glu Gin 
145 150 155 160 

Gly Glu He He Leu Lys Val Pro Val Glu He Val Gly Gin Gly Lys 
165 170 175 

Leu Gly 



gagaccgaga cggcgccgct gacoctagag tcgctgccca ccgatcccot gctccccatc 60 
ttatcotttt tggactatcg ggatctaatc aactgttgtt atgtcagtcg aagattaagc 120 
cagctatcaa gtcacgaccc gctgtggaga agacattgca aaaaatactg gotgacatct 180 

gaggaagaga aaacacagaa gaatcagtgt tggaaatctc tcttcacaga tacttactct 240 
gatgtaggaa gatacattga ccattatgct gctattaaaa aggcctcggg aatgatctca 300 
agaaatart.t ggagcccagg tgtcctcgga tgggttttat ctctgaaaga ggggtgctcg 360 
agaggaagac ctcgatcctg tggaagcgca gattgggctg caagtttcct ggacgattat 420 
cgacgttcat accgaattca caatggacag aagttagttg gttcctgggg ttattgggaa 480 
gcatggcacc gtctaatcac tatcgttctg aagatttgtt agacgtcgat acagctgccg 54 0 
gagattccag cagagacagg gactgaaata ctgtctccct ttaacttttg catacatact 600 
ggtttgagto agtacatagc agtggaagct gcagagggtt gaaacaaaaa tgaagttttc 660 
taccaatgtc agacagcaga acgtgtgttt aaatatggca ttaagatgtg ttctgatggt 720 
tgtataaatg gcatgcatta ggtattttca g 751 
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Arg Pro Rrg Pro Val Gin Gin Gin Gin Gin Cla Pro Pro Gin Gin Pro 
15 10 X5 

Pro Pro Gin Pro Pro Gin Gin Gin Fro Pro Glr. Gin Gin Pro Pro Pro 
20 2f 30 

Pro Pro Gin Glr. Gin Gin Gin Gin Gin Pro Pro Pro Pro Pro Pro Pro 
35 40 45 

Pro Pro Pro Leu Pro Gin Glu Arg Aen Aon Val Qly olu Arg Asp Asp 

ADp val pro Ala Asp Met Val Ala Glu C31u Ser Gly Pro Qly Ala Gin 

" 75 eo 

Asn Ser Pro Tyr Gin Leu Arg Arg Lys Thr Leu Leu Pro Lys Arg Thr 

85 90 95 

Ala Cys Pro Thr Lye Asn Ser Met Glu Gly Ala Ser Thr Ser Thr Thr 

100 105 110 

Glu Asn Phe Gly His Arg Ala Lys Arg Ala Arg Val Ser Gly Lvs Ser 
lii 120 125 

Gin Asp Leu Ser Ala Ala Pro Ala Glu Gin Tyr Leu Gin Glu Lye Leu 
130 135 140 

Pro Asp Glu Val Val Leu Lys lie Phe Ser Tyr Leu Leu Glu Gin Asp 
155 160 

Leu Cya Arg Ala Ala Cys Val Cys Lys Arg Phe Ser Glu Leu Ala Asn 

165 170 175 

Asp Pro Asn Leu Trp Lys Arg Leu Tyr Met Glu Val Phe Glu IVr Thr 
180 185 190 

Arg Pro Met Met His 



<210> 33 
<211> 537 

<213> Horao sapiens 
<;400> 33 

gcggccgcgg cccggactcc gcggtgggcg 
tggcctccoc ttggagctgt ggcgcatgat 
ccgctgcagc ctggtatgca gggcctggta 
otggcggcag ctgtgtctgg gttgcaccga 
agatgtggag cctgagtctt ggagagaagc 
acggaccaag aacgccctgg acttggagtc 
gagggaacga cgtaccctga gtgttgggec 
cttggccatg gocagcctgt atgaccgaat 
aggtgaaatc atcttgaagg tgectgtgga 



agcgccctgc gaggtgacca tggaggctgg 60 
cttagcctac ttgcaccttc ccgacctggg 120 
tgaactgatc ctcagtctcg acagcacccg lao 
gtgccgccat cccaattggc ccaaccagcc 24 0 
cttcaagcag cattaccttg catccaagac 3 00 
ttccatctgc ttttctctat tcogccggag 3S0 
aggccgtgag tttgacagcc tgggoagtgc 420 
tgtgctcttc ccaggtgtgt acgaagagca 480 
gattgtaggg caggggaagt tgggtga 537 
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<213> Homo £ 



<400> 29 

ccgcagtact ggnttccggc gggctggtga ggaatggagc cggtagntgc ttgcggcgag 60 

tcccgggntc ctccgtagac ccgcggaaac cttcgtgttg agtaacctgg cggaggtggt 120 

ggagcgtgtg cccaccttco tgcccgccaa ggcgttgctg cgggtggcct gcgtgtgocg 160 

cttatggagg gagtgtgcgc gcagagtatt gcggacocat cggagcgtaa cccggatctc 240 
cgcaggcctg gcggaggccg gccacctggn ggggcatt 278 

<210> 30 
<211> 91 

<213> Homo sapiens 
c220> 

<22X> SITE 

e222> all Xaa positions 

«:223> Xaa=uiiknown amino acid residue 



i Gly Glu Glu Trp Ser Arg Xaa Leu 

J. 5 10 15 

Ala Ala Ser Pro Gly Xaa Leu Arg Arg Pro Ala Xaa Thr Phe Val Leu 

20 2S 30 

Ser Asn Leu Ala Glu Val Val Glu Arg Val Leu Thr Phe Leu Pro Ala 

35 40 45 

Lya Ala Leu Leu Arg Val Ala Cys Val Cys Arg Leu Trp Arg Glu Cys 

50 55 60 

Val Arg Arg Val Leu Arg Thr His Arg Ser val Thr Trp He Ser Ala 

65 70 75 80 

aly Leu Ala Glu Ala Gly His Leu xaa Gly His 

85 90 



<210> 31 




gcggccgcgc ccggtgcagc aacagcagca 
gccccagcag cagccgcccc agcagcagcc 
gcagcctccg ccgccgccac cgccgcotcc 
cgagcgggat gatgatgtgc ctgcagatat 
aaatagtcca taccaacttc gcagaaaaac 
aaagaacagt atggagggcg cctcaacttc 
acgtgcaaga gtgtctggaa aatcacaaga 
tcaggagaaa ctgccagatg aagtggttct 
tctttgtaga gcagcttgtg tatgtaaacg 
gtggaaacga ttatatatgg aagtatttga 



gcagcccccg cagcagccgc cgccgcagcc 60 
tccgccgccg ccgcagcagc agcagcagca 120 
gccgctgcct caggagcgga acaacgtcgg 180 
ggttgcagaa gaatcaggtc ctggtgcaca 240 
tcttttgccg aaaagaacag cgtgccccac 300 
aactacagaa aactttggtc atcgtgcaaa 360 
tctatcagca goacotgctg aacagtatct 420 
aaaaatcttc -cctacttgc tggaacagga 480 
cttcagtgaa cttgctaatg atccoaattt 540 
atacactcgc cctatgatgc at 592 
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Pro ¥al Asn Phe Pro Ser His Phe Leu Leu Arc Trp Cvs Sin Oly JUa 
325 330 ' 335 

Glu Gly Ala Thr Leu Asp lie Phe Asp Tyr He Tyr lie Asp Ala Phe 

340 345 350 

Gly Lys Gly Lys Gin Leu Thr Val Lys Glu Cys Glu Tyr Lou lie Gly 



Gin His Val Thr Ala Ala Leu Tyr Gly Val Val Asn Val Lys Lys Val 
370 375 360 

Leu Gin Arg Met Val Gly Asn Leu Leu Ser Leu Gly Lys Arg Glu Oly 



He Asp Gin Ser Tyr Gin Leu Leu Arg Asp Cer Leu Asp Leu Tyr Leu 



Ala Met Tyr Pro Asp Gin Val Gin Leu Leu Leu Leu Gin Ala Arg Leu 
420 425 430 

Tyr Phe His Leu Gly He Trp Pro Glu Lya Val Leu Asp He Leu Gin 
435 440 44S 

His He Gin Thr Leu Asp Pro Gly Gin His Gly Ala Val Gly Tyr Leu 
4S0 455 460 

Val Gin His Thr Leu Glu His He Glu Arg Lys Lys Glu Glu Val Gly 
465 470 475 480 

Val Glu Val Lys Leu Arg Ser Asp Glu Lys His Arg Asp Val Cys Tyr 
*85 490 495 

Ser He Gly Leu He Met Lys His Lys Arg Tyr Gly Tyr Asn Cys val 
500 SOS 510 

He Tyr Gly Trp Asp Pro Thr Cys Met Met Gly His Glu Trp He Arq 
515 520 525 

Asn Met Asn Val His Ser Leu Pro His Gly His His Gin Pro Phe Tyr 



Asn Val Leu Val Glu Asp Gly Ser Cys Arg Tyr Ala Ala Gin Glu Asn 
545 550 555 560 

Leu Glu Tyr Asa Val Glu Pro Gin Glu He Ser His Pro Asp Val Gly 



Arg Tyr Phe Ser Glu Phe Thr Gly Thr His Tyr He Pro Asn Ala Glu 
580 585 590 

Leu Glu He Arg Tyr Pro Glu Asp Leu Glu Phe Val Tyr Glu Thr Val 
595 600 60S 

Gin Asn He Tyr Ser Ala Lys Lys Glu Asn He Aso Glu 
610 S15 62b 



:2i0> 29 



PCr/US99/I9S60 



Met Ala Ala Ala Ala Val Asp Ser Ala Met Glu Val Val Pro Ala Lbu 
is 10 15 

Ala aiu Glu Ala Ala Pro Glu Val Ala Gly Leu Ser Cvs Leu Va^ Asn 
20 25 30 

Leu Pro Qiy Glu Val Jjeu Glu Tyr lie Leu Cys Cys Gly Ser Leu Thr 
35 40 45 

Ala Ala Asp lie Sly Arg Val Ser Ser Thr Cys Arg Arg Leu Arg Glu 
50 5S 60 

Leu Cys Gin Ser Ser Gly Lys Val Trp Lye Glu Gin Phe Arg Val Arg 
^5 70 75 BO 

Trp Pro Ser Leu Met Lys His Tyr Ser Pro Thr Asp Tyr Val Asn Trp 
85 90 95 

Leu Glu Glu Tyr Lys Val Arg Gin Lys Ala Gly Leu Glu Ala Arg Lys 
100 105 110 

lie Val Ala Ser Phe Ser Lys Arg Phe Phe Ser Glu His Val Pro Cys 
115 120 125 

Asn Gly Phe Ser Asp He Glu Asn Leu Glu Gly Pro Glu lie Phe Phe 
130 135 

Glu Asp Glu Leu Val Cyo He Leu Asn Met Glu Gly Arg Lys Ala Leu 
145 150 155 160 

Thr Trp Lys Tyr Tyr Ala Lys Lys He Leu Tyr Tyr Leu Arg Gin Gin 
165 170 175 

Lye He Leu Asn Asn Leu Lys Ala Phe Leu Gin Oln Pro Asp Asp Tvr 
180 185 190 

Clu Ser Tyr Leu Glu Gly Ala Val Tyr He Asp Gin Tyr Cys Asn Pro 
195 2Q0 205 

Lou Ser Asp He Ser Leu Lys Asp He Gin Ala Gin He Asp Ser He 
210 215 220 

Val Glu Leu Val Cys Lys Thr Leu Arg Gly He Asn Ser Arg His Pro 
230 235 240 

Ser Leu Ala Phe Lys Ala Gly Glu Ser Ser Met He Met Glu He Glu 
245 250 255 

Leu Gin Ser Gin Val Leu Asp Ala Met Asn Tyr Val Leu Tyr Asp Gin 

2S0 265 270 

Leu Lys Phe Lys Gly Asn Arg Met Asp Tyr Tyr Asn Ala Leu Asn Leu 
275 280 285 

Tyr Met His Gin Val Leu He Arg Arg Thr Gly He Pro He Ser Met 
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wo 00/12679 PCmiS99/19560 

atatattgac cagtactgca atcctctctc cgacatoagc otcaaacaca tccaggccca 660 
aattgacagc atcgtggagc tcgtttgcaa aacccctcgg ggcataaaca atcoccaccc 720 
cagcttggcc ttcaaggcag gtgaatcaec catgataatg gaaacagaac tccSgagoca 780 
ggtgotggat gccatgaact atgtccttta cgaccaaotg aagttcaagg ggaatcgaat 840 
ggattactat aatgccctca acttatatat gcaccaggct ctgactcgca gaacaggaat 900 
f^^f^^''^^'' atgtcrctgc tctatttgac aattgctcgg cagttgggag tcccaetgga 960 
gcctgtcaac t^cccaag.c acttcttatt aaggtggtgc caaggcgcag aaggggcgac 1020 
cctggacatc tttgactaca tccacawga tgctttcggg aaaggcaagS agI?iLIgt 1080 
gaaagaatgc gagtacttga tcggccagca cgtgactgca gcactgtatg gggtggtcaa 1140 
tgtcaagaag gtgttacaga gaatggtggg aaacctgtta agcctgggga agcgggaaqq 1200 
catcgaccag tcataccagc tcctgagaga otogctggat ctctatctgg caatgtaccc 1260 
ggaccaggtg cagcttctco tcctccaagc caggctttae ttccacctgg gaatctqccc 132 0 
agagaaggtg cttgacatcc tccagcacat ccaaacccta gacccggggo agcacggagc 1380 
Sgcgggctac ctggtgcagc acactctaga gcacattgag cgcaaaaagg aggaggtSqa 1440 
cgtagaggtg aagctgcgct ccgatgagaa gcacagagat gtctgctact ccatcggict 1500 
cataagaggt atggctataa ctgcgtgatc tacggctggg accccacctg 1S60 
cacgatggga cacgagtgga tccggaacat gaacgtccac agcccgccgc acggccacca 1620 
ccagcctttc tataacctgc tggtggagga cggctcccgt cgataogcag ccoaagaaaa 1680 
cttggaatat aacgtgcagc ctcaagaaat ctcacaccct gacgtgggac gctatctctc 1740 
ggcactcact acatcccaaa cgcagagccg gagatccggt atccagaaga laoo 
tctggagttt gtctatgaaa cggtgcagaa tatttacagt gcaaagaaag agaacataga 1860 
tgagtaaagt ctagagagga cattgcacct ttgctgctgc tgctaccttc caagagaacq 1320 
ggactccgga agaagacgtc tccacggagc cctcgggacc tgctgcacca ggaLgccac 19eo 
tccaccagta gtgctggttg cctcctacta agtttaaata ccgtgtgc-c tLcccaqct 2040 
gcaaagacaa tgttgctctc cgcctacact agcgaactaa tctgaaaggc actgtqtcaq 2100 
tggcatggct tgtatgcttg tcctgtggtg scagtttgtg aca?tctgtc tlcllglggt 2^60 
ctcacagtcg acgctcctgt aatcattctt tgtattoact ccattcccct gtctgtc^gc 2220 
tm^lt^':^ gaacatttcc ttggctggac agatggggtt atgcatttgc aataatttcc 2280 
qafa?Sot? a^.f ?f gtgttcggtc ccgagtgagg actgtgtgtc tttttaccct 2340 
tf Sc^tattoag aggtaaagcc gtgtgctatc ttggcagcat cttagagatg 2400 
gagacattaa caagctaatg gtaaCCagaa tcatctgaat ttattttttt ctaatatqtl 24S0 
aaacacagat ttcaagtgtt ttatottttt tttttaaatt t.a.rggg" tataacacaq 2520 
ttttcccttc catattoctc tcttgagttt atgcacatct ctataaatca ttaqttttc- 2580 
attttattac ataaaatCCt ttCagaaaac gcaaacagtg aactttgtga atqqattttt 2640 
ccatactoat ctacaattco tccatttcaa atgactactE ttatttttfa at^taaaaa^ licl 
tacaaatct^ ^f^' aggtcttaca tcagtgatgg gttctttttg tagtgagaca 2760 

t^^^ l^^^ ^^^^ ---- 2320 

^?=aaa^L" 



tgttggactt gtgtgaaagg agatgtgcgt gttggaatct gcttttccaa gccqccaqqq 30SO 
toctgacggo agcaggacga agcctgttgt ggcgtcttct gggaaagcct gaccatotqt 
ccggacggca ctggctcctt tccgaagttc tcagtaactg a|cccagagt f . ' ' 



^-r ^^-3"=3'->->- i-i^ayi-aaccg agcccagaqt aactacaca 

ttqtSf tlT^.^^^"^ ccaccaactc tcggcctgcc agttctcaag cgag?taalc ..40 
at«aaaata TrT.nft^^ ctaacttccg aagttaggac ctagttactt CgcCctcaac 3300 
otqtccatct aelror^^? tctagtgaar ggggcgttag gggcctgtct ctgcacctgt 3360 
ccgtccatct gcatgcagta tcctcaccca tgttgaatgc ctqctqcttq tttacectct lAZir, 
ITcTttlll^r ^T.'T^' ngtttggaaa gccacccgag acLcftca? agcaagggaa 3480 
Sactatt?^ ^gttactaga aagagatggg gacttggccc ctggctcctc clgccflLt 3540 
gagctattta atccactgtc catgttcctc atcagtoaaa tcoaaagtca aaSgatttga 3600 
acctgcatct gqaaacgtaa ccactcacag cacccggccc gccaaggttg ggSggattqt 3660 
^^^''5!'"'!'' "tttaaagg ggaaagtttg ataatacgga attaattaat atgaataaga 3720 
agaacctgag catgctgaga gttgcaattg ttggttttct ggtttgattg 3780 
atttcctttt ttcttagaca catcaaagtc aagaaagatg gttttacctc Cactaaccca trIp 
gccgtacata tgtatctaga ctgtttttaa atgtct-tct tcatqaa-qc ttcataca ^ITr 
tccaggaagc ctgtatcaco tgtgtaagtt ggtatttiogg cac-tta-at tttt-rfJna^ 

^1^"^^^^'= tctaataaac cataagt^tc ttcttaa^aa ttttccaaaa 402S 
a=^t^^^^ ''"^*««^«9 ccctgttata aacgttgaac tttcacaatg ttaaaatgtt 408C 
?^ atatagcaac ttcttttcto ttcaaatgaa tgocaagatt tttttgtaca 4140 
atgattaata aatggaactt atccagag ^^^^ 

<210> 28 
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wo 00/12679 



PCT/US99/19S6D 



Als Ala Lys Ala Gin Leu Leu Gly Leu Gin Phe Leu Leu Gin Tfar Lys 
405 410 415 

Ala Thr Gin Gly Leu Ser Arg Tyr aly Gly Tyr He Ser Ala Gly His 
420 425 430 

Cys Ser Leu Ser He Gin Ser Ser Phe Ser Val Gin Pro Phe Phe Leu 
435 440 445 

Leu Pro Phe Ser He Leu Val He Ser Leu Gly Asn He He Leu Gin 
450 455 460 

Asn Phe Ser Phe Cys Leu Ser Arg Phe Ala Gin Ser Arg Ala Thr Val 
465 470 47S 480 

Hi3 Ser Cys Arg Met He Asn His Tyr Thr Leu Lys Asp Gly Val Phe 
485 490 495 

Val His lie Cys Leu Lys Asn Phe He His Phe His Ser Leu Tyr Lys 
500 505 510 

Tyr His Val Met Cys Thr Tyr Leu Thr Lva Glu He Tyr Ser His Asn 
515 520 525 

Tyr Phe He Val Lys He Leu Thr Lys Val Phe Pro Phe Leu Ser Asn 
530 535 540 

Val Leu Lys Phe He Phe Ser Glu Thr He Val Xaa Val Lys Val Arg 
545 550 555 560 

Ser Asp Phe Arg Gin Lys Pro He Pro Ala Ser Phe Ser Phe Lys Leu 
565 570 575 

Arg Val Leu He Cys Tyr Tyr He Thr Met Gin Asn Trp Gin Leu Phe 
580 585 590 

Leu Tyr Lys Phe He He Phe Phe He Leu Lys Thr Gly Leu He Lys 
595 600 605 

Ser Arg Val Leu Thr He Asp Phe Asn He Lys He Tyr Asp Leu His 
610 615 620 

Ser Glu Asn Lys He Xaa Leu Glu Leu Trp 
625 630 



<21Q> 27 
<211> 4163 
<212> DNA 



gatggcggcg gcagcagtcg acagcgcgat 
cgcgocggag gtagcgggcc Ucagctgcct 
catcctgtgc tgcggctcgc tgacggccgc 
gcggctgogc gagctgcgcc agagcagcgg 
gcggccttcc cttatgaaac actacagccc 
taaagttcgg caaaaagctg ggttagaagc 
gttcttttca gagcacgttc cttctaatgg 
agagattttt tttgaggatg aactggtgtg 
gacctggaaa tactacgcaa aaaaaattct 
taatcttaag gcctttctto agcagccaga 



ggaggtggtg ccggcgctgg cggaggaggc 60 
cgccaacctg ccgggtgagg tgctggagta 120 
cgacatcggc cgtgtctcca gcacctgccg ISO 
gaaggtgtgg aaggagcagt tccgggtgag 240 
caccgactac gtcaattggt tggaagagta 300 
gcggaagatt gt.agcctcgt tctcaaagag 360 
cttcagtgac attgagaacc ttgaaggacc 420 
tatcctaaac atggaaggaa gaaaagcttc 480 
ttactacctg cggcaacaga agatcttaaa 540 
tgactatgag tcgtatcttg aaggtgctgt 60D 
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Pro Arg Gly Gin Phe Val Ala Ala Als Val Clu I 



PCT/US99/IM60 



Gly Leu Gin Met o: 
Leu Gin Gin Gl( 



Gin Val Sin Gly 
130 

Ser Lys Olu Qln 



1 Cly Arg Ser 

31y Gin Gly Leu Trp Arg Val Val Arg Asn Gin Gin 
85 90 9S 

Gly Tyr Ser Glu Gin Gly Tyr Leu Thr Arg Glu Gin 
105 HQ 

A.la Ala Ser Asn lie Ser Asn Thr Asn His Arg Lys 
120 12S 

31y He Asp He Tyr His Leu Leu Lys Ala Arg Lys 
135 140 

31u aly Phe He Asn Leu Glu Met Leu Pro Pro Glu 

i«= 150 155 ISO 

Leu Ser Phe Thr He Le-^ Ser Tyr Leu Asn Ala Thr Asp Leu Cys Leu 
165 170 175 

Ala Ser Cys Val Trp Gin Asp Leu Ala Asn Asp Glu Leu Leu Trp Gin 
180 185 190 

Gly Leu Cys Lys Ser Thr Trp Gly His Cys Ser He Tyr Asn Lys Asn 

195 200 205 

Pro Pre Le-j Gly Phe Ser Phe Arg Lys Xaa Tyr Met Gin Leu Asp Glu 
210 215 220 

Gly Ser Leu Thr Phe Asn Ala Asn pro Asp Glu Gly Val Asn Tyr Phe 
225 230 235 240 

Met Ser Lys Gly He Leu Asp Asp Ser Pro Lys Glu He Ala Lys Phe 
245 250 255 

He Phe Cys Thr Arg Thr Leu Asn xrp Lys Lys Leu Arg He Tyr Leu 

Asp Glu Arg Arg Asp val Leu Asp Asp Leu Val Thr Leu His Asn Phe 
275 280 285 

Arg Asn Gin Phe Leu Pro Asn Ala Leu Arg Glu Phe Phe Arg His He 

290 295 300 

His Ala Pro Glu Glu Arg Gly Glu Tvr Leu Giu Thr Leu He Thr Lvs 
305 31C 315 320 

Phe Ser His Arg Phe Cys Ala Cys Asn Pro Asp Leu Met Arg Glu Leu 
325 330 335 

Gly Leu Ser Pro Asp Ala Val Tyr Val Leu Cys Tyr Ser Leu He Leu 

3*0 345 350 

Leu Ser He Asp Leu Thr Ser Pro His Val Lys Asn Lys Met Ser Lys 

Arg Glu Phe He Arg Asn Thr Arg Arg Ala Ala Gin Asn He Ser Glu 
370 375 3S0 

Aep Phe Val Gly His Leu Tyr Asp Asn He Tyr Leu He Gly His Val 



390 



400 
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PCT/US99/19560 



ggaaacgtca aaattgggat agtcggcagt tctggcccet gcagctggag gtaccctgag SO 
ttctgagggt cgtagtgctg tttctggtat tctcatcgcg gtcacctcta ccggtgtgga 121 
caagcaaagt ctgaatcagc ttccccacgg cctgggcaoc agttcccggc 
tccttttggc taaaagtccc cgcccagagg ccaattcgtc gcggcggcgg 
aggtcgctca ggcttgcaga tgggtcaagg gttgbggaga gtggtcagaa accaqcagct 
gcaacaagaa ggctacagtg agcaaggcta cctcaccaga gagcagagca ggagaatgcc 
tgcgagcaac atttctaaca ccaatcaticg taaacaagtc caaggaggca ttgacatata 
ccatcttttg aaggcaagga aatcgaaaga acaggaagga ttcattaatt tggaaatgtc 
gcctcctgag ccaagcttta ccarcttgtc ctacctgaat gcaaccgacc tttgcttggc 
ttcatgtgtt tggcaggacc ttgcgaazga cgaacttc^c tggcaagggt tgtgcaaatc 
cacttggggt cactgttcca tataoaacaa gaacccacct tcaggatttt cttttagaaa 
aktgtatatg cagctggatg aaggcagcct cacctttaat gccaacccag atgagggagt 
gaactacttt atgtccaagg gtaccctgga tgatrcgcoa aaggaaatag caaagtttat 
cttctgtaca agaacactaa attggaaaaa actgagaatc tatcttgatg aaaggagaga 
tgtcttggat gaccttgtaa cattgcataa itctagaaat cagttcttgc caaatgcact 
gagagaattt ttttrgtcata tccatgcccc tgaagagcgt ggagagtato ttgaaactct 
tataacaaag ttctcacaca gattctgtgc ttgcaaccct gatttaatgc gagaacttgg 
ccttagtcct gatgctgtct atgtactgCg ctactctttg attctacttt ccattgacct 
cactagccct catgtgaaga ataaaatgtc aaaaagggaa ttttattcgaa atacccgtcg 
cgccgctcaa aatattagtg aagattttgt agggcatctt Catgacaata tccaccctac 
tggccatgtg gctgcataaa aagcacaatt gctaggactt cagtttttac ttcagactaa 
agctacccaa ggacttacca gatatggggg ttacatcagt gctggtcatt gtagcctgag 1320 
tatacaatca agcttcagtg tgcaaccttt ttttcttttg ccattttcta CtttagCaat 
ttccttgggg aactaaataa ttttgcagaa tttttcctaa ttttgtttat cacgttttgc 1440 

acaaagcaga gccactgtct aaoacagctg ttaacgaatg ataaactgac attatactct 

aaaagatggt gtatttgtgc attagatttg cctgaaaaac tttatccatt tccattcttt 
atacaaatac catgtaatgt gtacatattt aactaaagag atttatagtc ataattattt 1S20 
tattgtaaag attttaacta aagtttttcc ttttctctca aactgagttc tgaaatttat 
ttgattctga tctgaaacta ttgtcCycgt aaaagttaga tctgacttca grcagaaacc 
aataccagct tccttttcct ttaaactttg aagagtgttg attcgttact atattactat 
gcaaaactgg cagttatttt tataatataa atttataatt tgatttttta ttttaaaaac 
tgggttaatc aagtcccggt aagtccctta aaccacctag gatttttaaa acatcaaaat 
ttatgattta cattcatagg aataaaataa aatatyatta gaactctggt 

<210> 26 
<211> 634 

<213> Homo sapiens 



<400> 26 

Glu Thr Ser Lys Leu aly Ser Ala Val Leu Ala Pro Ala Ala Gly Gly 
15 10 15 

Thr Leu Ser Ser Glu Gly Arg Ser Ala Val Ser Gly He Leu He Ala 
20 25 30 

Val Thr Ser Thr Gly Val Asp Lys Ser Leu Asn Gin Leu Leu His Sly 

Leu Gly Thr Ser Ser Arg Leu Ser His Phe Pro Phe Gly Lys Ser Pro 
50 55 SO 
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Ser Ala Oiu Ala Ala Cys Asp lie Leu Ser Gin Leu Val Asn Cys Ser 

He Gin Thr Leu Gly Leu lie Ser Thr Ala Lys Pro Ser Phe Met Asn 
150 155 

val ser Glu Ser His Phe Val Ser Ala Leu Thr Val Val Phe He Asn 
165 170 175 

Ser Lys Ser Leu Ser Ser He Lyo He Glu Asp Thr Pro Val Asp Asp 
J-BO IBS 290 

Pro Ser Leu Lys He Leu Val Ala Asn Asn Ser Asp Thr Leu Arq Leu 
1S5 200 205 

Pro Lys Met Ser Ser Cya Pro His Val Ser Ser Asp Gly He Leu Cys 
210 215 220 

jf,'^ ^'"'^ ^^'^ '^■'■^ ''■'■^ ^'^^ ■^■'■9 ^-^'-^ ^'^'^ '^l" Lfcu Asn Tyr Tyr 

230 235 240 

He Leu Thr Asp Glu Leu Phe Leu Ala Leu Ser Ser Glu Thr His Val 

245 250 255 

Asn Leu Glu His Leu Arg He Asp Val Val Ser Glu Asn Pro Gly Gin 
260 265 270 

He Lys Phe His Ala Val Lya Lys His Ser Trp Asp Ala Leu He Lvs 
275 280 285 

His Ser Pro Arg Val Asn Val Val Met His Phe Phe Leu Tyr Glu Glu 
290 295 300 

Glu Phe Glu Thr Phe Phe Lys Glu Glu Thr Pro Val Thr His Leu Tyr 

Phe Gly Arg Ser Val Ser Lys Val Val Leu Gly Arg Val Gly Leu Asn 
325 330 

Cys Pro Arg Leu He Glu Leu Val Val Cys Ala Asn Asp Leu Gla Pro 
340 345 3S0 

Leu Asp Asn Glu Leu He Cys He Ala Glu His Cys Thr Asn Leu Thr 
355 360 36S 

Ala Leu Gly Leu Ser Lys Cys Glu Val Ser Cvs Ser Ala Phe He Aro 
370 37S ■ 330 

Phe Val Arg Leu Cys Glu Arg Arg Leu Thr Gin Leu Ser Val Met Glu 
390 395 400 

Glu val Leu lie Pro Asp Glu Asp Tyr Ser Leu Asp Glu He His Thr 
405 410 

Glu val Ser Lys Tyr Leu Gly Arg Val Trp Phe Pro Asp Val Met Pro 
420 425 



PCT/US99/I9S60 
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<211> 1323 
<212> DKA 
<213> Homo sapiens 

acactttcta acgtttacag aatgaagagg aacagtttat ctgttgagaa taaaattgtc 60 
cagttgtcag gagcagcgaa acagccaaaa gtcggqttct actcttctcr caaccagact 120 
catacacaca cggttcttct agactgggcg agtccccctc accatctagt attacaaatt 180 
Cttcagtatc trcctttacC agatcgggcc tgtgcatctt ctgtatgtag gaggcggaat 240 
gaagtttttc atatttotga cctttggaga aagtttgaat ttgaactgaa ccagtcagct 300 
acttcatctt ttaagtccac tcatcctgat ctcattcagc agatcattaa aaagcatttt 360 
gctcatctcc agtatgtcag ctttaaggtt gacagtagcg ctgagtcagc agaagcttgoc 420 
tgtgatatac tctctcagct ggtaaattct tccatccaga ccttgggctt gatttcaaca 4 BO 
gccaagccaa gtttcatgaa tgtgtcggag tctcattttg tgtcagcact tacagttgtt 540 
tttatcaact caaaatcatt atcatcaatc aaaattgaag atacaccagt ggatgatcct 600 
rcattgaaga ttcttgtggr caataatagt gacactctaa gactcccaaa gatgagtagc 660 
tgtcctcarg trccatctga tggaaLtctt tgtgtagctg accgttgtca aggccttaga 720 
gaaccggcqt tgaactatta catcctaact gatgaacttt tccttgcact ctcaagcgag 730 
actcatgcta a^cttgaaca tcttcgaatt gatgttgtga gtcaaaatco tggacagatt 840 
aaatttcatg ctgttaaaaa acacagttgg gatgcactca Ctaaacattc CCCtagagtt 900 
aatgttgtta cgcacttctt tctatacgaa gaggaattcg agacgttctt caaagaagaa 960 
acccctgtta ctcaccttta ttttggtcgt tcagtcagca aagtggtttt aggacgggta 1020 
ggtctcaact gtcctcgacc gactgagtta gCggtgtgtg ctaacgatct tcagcctctt 1080 
gataatgaac ttatttgtac tgctgaacac tgtacaaaoc taaoagcctt gggcctcagc 1140 
aaatgtgaag ttagotgcag tgccttcatc aggettgtaa gactgtgtga gagaaggtta 1200 
acacagctct ctgtaatgga ggaagtcttg atccctgatg aggattatag cctagatgaa 1260 
attcacactg aagtctccaa atacctggga agagtatggt tccctgatgt gatgcctctc 1320 
t99 1323 

<210> 24 



[le Val Sin Leu Ser 

15 10 IS 

Gly Ala Ala Lys Gin Pro Lys Val CAy ?he Tyr Ser Ser Leu Asn Gin 
20 25 30 

Thr His Thr His Thr Val Leu Leu Asp Trp Gly Ser Leu Pro His His 
35 40 45 

Val Val Leu Gin He Phe Gin Tyr Leu Pro Leu Leu Asp Arg Ala Cys 
SO 55 60 

Ala Ser Ser Val Cys Arg Arg Trp Asn Glu Val Phe Hio He Ser Aep 

Leu Trp Arg Lys Phe Glu Phe Glu Leu Asn Gin Ser Ala Thr Ser Ser 
85 90 95 

Phe Lys Ser Thr His Pro Asp Leu He Gin Gin He He Lys Lys Hia 



Phe Ala His Leu Gin Tyr Val Ser Phe Lys Val Asp Ser Ser Ala Olu 
115 120 125 



wo 00/12679 



PCT,fS99/19560 



<210> 19 
<211> 39 
<212> PRT 



.eu Ala Thr lie Leu Ala Gin Leu Ser Asp Met Asp 
S 10 15 

!er Lys Val Ser Thr Thr Trp Lys Lya lie Leu Olu 



Asp Asp Lys Sly Ala 



Leu Pro Asp Asn lie Leu Leu Glu Leu Phe 1 
1 S 10 

Gin Leu Leu Leu Asn Cys Arg Leu Val Cys £ 
20 25 

He Asp Leu Leu Thr Leu Trp Lys 



r His Val Pro Ala Arg 
: Leu Trp Arg Asp Leu 



<212> PRT 

<213> Homo capiens 
<400> 21 

Leu Pro Leu Glu Leu Lya Leu Arg lie Phe Arg Leu Leu Asp Val Arg 
15 10 IS 

Ser Val Leu Ser Leu Ser Ala Val Cys Arg Asp Leu Phe Thr Ala Ser 

20 25 30 

Asn Asp Pro Leu Leu Trp Arg 



<210> 22 
c211> 39 
<212> PRT 

<:213> Homo sapiens 
<400> 22 

Leu Pro Asp Glu Leu Leu Leu Gly He Phe Ser Cys Leu Cvs Leu Pro 
1 S 10 'is 

Glu Leu Leu Lys Val Ser Gly Val Cys Lys Arg Trp Tyr Arg Leu Ala 
Ser Asp Glu Ser Leu Trp Gin 
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PCT/LS99/I9S60 



<21i> 43 
<212> PRT 
<213> Homo sapiens 

Leu Pro Ala Arg Gly Leu Asp His He Ala Glu Asn He Leu Ser Tyr 
i 5 10 13 

Leu Asp Ala Lys Ser Leu Cys Ala Ala Glu Leu Val Cys hya Glu Trp 

Tyr Arg Val Thr Ser Asp Gly Met Leu Trp Lys 
35 40 



<210> 16 
<211> 40 
<212> PRT 




Leu Pro Leu Glu Leu Ser Phe Tyr Leu Leu Lys Trp Leu Asp Pro Gin 
15 10 IS 

Ttir Leu Leu Thr cys cys Leu val Ser Lys Gin Trp Asn Lys Val He 
20 25 30 



<210> 17 
<211> 39 
<212> PRT 

c213^ Homo sapiens 
<400> 17 

Leu Leu Gin Asp He He Leu Gin Val Phe Lys Tyr Leu Pro Leu Leu 
15 10 15 

Aep Arg Ala His Ala Ser Gin Val Cys Arg Asn Trp Asn Gin Val Phe 
20 25 30 



<210> 18 
<211> 39 
<212> PRT 
«:213> Homo sapiens 



Leu Pro He Asp Val Gin Leu Tyr He Leu Ser Phe Leu Ser Pro His 
15 10 15 

Asp Leu Cys Gin Leu Gly Ser Thr Asn His Tyr Trp Asn Glu Thr Val 
20 25 30 
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rhr Glu Ala Lys Ala Leu Ser Leu Pro aiu hys Trp Lys Leu Ser Qly 
180 185 

Val Tyr Lys Leu Gin Tyr Met Hio His Leu Cys Olu Gly Ser Ser Ala 
1S5 200 20S 

Thr Leu Thr Cys Val Pro Leu Oly Asn Leu lie Val Val Asn Ala Thr 
215 220 

Leu Lyo lie Asn Asn Glu lie Arg Ser Val Lys Arg Le-j Gin Leu Leu 

230 235 240 

Pro Glu Eer Phe He Cys Ly6 Glu Lys Leu Gly Glu Asn Val A" a Asr. 

245 250 255 

lie Tyr Lys Asp Leu Gin Lys Leu Ser Arg Leu Phe Lys Asp Gin Leu 

260 265 270 

val Tyr Pro Leu Leu Ala Phe Thr Arg Gin Ala Leu Asn Leu Pro Asn 

275 260 285 

val Phe Gly Leu Val Val Leu Pro Leu Glu Leu Lys Leu Arg He Phe 

Arg Leu Leu Asp Val Arg Ser Val Leu Ser Leu Ser Ala Val Cys Arg 

Asp Leu Phe Thr Ala Ser Asn Asp Pro Leu Leu Trp Arg Phe Leu Tvr 
325 330 

Leu Arg Asp Phe Arg Asp Asn Thr Val Arg Val Gin Asp Thr Asp Trp 
340 34S 

Lys Glu Leu Tyr Arg Lys Arg His He Gin Arg Lys Glu Ser Pro Lys 
355 360 365 

Gly Arg Phe Val Leu Leu Leu Pro Ser Ser Thr His Thr -le Pro Phe 
^■'O 375 380 

Tyr Pro Asn Pro Leu His Pro Arg Pro Phe Pro Ser Ser Arg Leu Pro 
390 395 

Pro Gly He He Gly Cly Glu Tyr Asp Gin Arg Pro Thr Leu Pro Tyr 

405 

Val Gly Asp Pro He Ser Ser Leu He Pro Gly Pro Gly Glu -hr Pro 

420 425 430 

Ser Gin Leu Pro Pro Leu Arg Pro Arg Phe Asp Pro Val Gly Pro Leu 
435 440 

Pro Gly Pro Asn Pro He Leu Pro Oly Arg Oly Gly Pro Asn Aep Arg 
*=0 455 460 

Phe Fro Phe Arg Pro Eer Arg Gly Arg Pro Thr Asp Gly Arg Leu Ser 
"5 ^■'O 475 480 

Phe Met 



PCTOSW/19S60 
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tggaagggca agtgccacat tcattagaga ccttgtatca atcagctgac tgttctgatg 480 
ccaatgatgc gctgaCagtg tcgatacatc ctctcacgtt ggagccaggt tacatacctc 540 
agggcaccga agccaaagca ctgtcoctgc cggagsagtg gaagttgagc ggggtgtata 600 
agotgcagta catgcatcat ctctgcgagg gcagctccgc tactctcacc tgcgtgcctt 660 
tgggaaacct gattgttgta aatgctacac taaaaatcaa caatgagatt agaagtgtga 720 
aaagattgca gctgctacca gaatctttta tttgcaaaga gaaactaggg gaaaatgtag 780 
ccaacatata caaagatctt cagaaactct ctcgcctctt taaagaccag ctggtgiacc 840 
ctcttctggc tttcacccga caagcactga acctaccaaa tgtatttggg ttggtcgtcc 900 
tcccattgga actcaaacta cggatcttcc gacttctgga tgttcgttcc gtcttgtctt 960 
tgtctgcggt ttgtcgtgac ctctttactg cttcaaatga cccactcctg tggaggcttt 1020 
tatatctgcg tgattttcga gacastactg tcagagttca agacacagat tggaaagaac 108 D 
tgtacaggaa gaggcacata caaagaaaag aatccccgas agggcggttt gtgctgctcc 1140 
tgccatcgtc aacccacacc attccattct atcccaaccc cttgcaccct aggccatttc 1200 
ctagctcccg ccttcctcca ggaactatcg ggggtgaata tgaccaaaga ccaacacttc 1260 
cctatgttgg agacccaatc agttcactca ttcctggtcc tggggagacg cccagccagt 132 0 
taccrccact gagaccacgc cttgatc:cag ttggcccact tccaggacct aaccccatct 1380 
tgccagggcg aggcggcccc aatgacagac ttccctttag acccagcagg ggtcggccaa 1440 
ctgatggccg cctgtcattc atgtcattga tttgtaattt catttctgga gctccatttg 1500 
tttttgttcc taaactacag acgtcactcc Ltggggtgct gatctcgagt gttactttct 1560 
gattgtggcg tcgagagttg cactcccaga aaccttttaa gagatacatt tatagcccta 1520 
ggggtggtat gacccaaagg tccotctgtg acaaggttgg ccttgggaat agttggctgc 1680 
caatctccct gctcttggtt ctcctctaga tcgaagtttg ttttctgatg cegttcttao 1740 
cagattaaaa aaaagtgtaa att 1763 

<2H> 482 
<212> PRT 

<213> Homo sapiens 

1 Asn Tyr hys Asp Pro Leu 
AS 10 15 

Thr Gly Asp Glu Glu Thr Leu Ala Ser Tyr Gly lie Val Ser Gly Aep 
20 25 30 

Leu lie Cys Leu lie Leu His Asp Asp lie Pro Pro Pro Asn lie Pro 
35 40 45 

Ser Ser Thr Asp Ser Glu His Ser Ser Leu Gin Asn Asn Glu Gin Pro 
50 55 60 

Ser Leu Ala l-hr ser Ser Asn Gin Thr Ser lie Gin Asp Glu Gin Pro 
G5 70 75 BO 

Ser Asp tier the Gin Gly Gin Ala Ala Gin Ser Gly Val Trp Asn Asp 
65 90 95 

Asp Ser Met Leu Gly Pro Ser Gin Asn Phe Glu Ala Glu Ser lie Gin 
100 105 110 

Asp Asn Ala His Met Ala Glu Gly Thr Gly Phe Tyr Pro Ser Glu Pro 
115 120 125 

Leu Leu Cys Ser Glu Ser Val Glu Gly Gin Val Pro His Ser Leu Glu 
130 135 l-io 

Thr Leu Tyr Gin Ser Ala Asp Cys Ser Asp Ala Asn Asp Ala Leu lie 
145 ISO 155 160 

Val Leu He His Leu Leu Met Leu Glu Ser Gly Tyr lie Pro Gin Gly 
165 170 175 
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Thr Leu Trp Lye Arg Lye Cys Leu Arg Lys Gly Phe lie Thr Lys Asp 
IOC 105 110 

Trp Asp Gin Pro Val Ala Asp Trp Lvd lie Phe Tyr Phe Leu Arg Ser 
115 120 125 

Leu Hie Arg Asn Leu Leu Arg Asn Pro Cys Ala Qlu Asn Asp Met Phe 

130 13S 140 

Ala Trp Gin He Asp Phe Asn Gly Gly Asp Arc Trp Lys Val Asp Ser 

-eu Pro Gly Ala His Sly Thr Glu Phe Pre Asp Pro Lys Val Lye Lye 
16S 170 175 

Ser Phe Val Thr Ser Tyr Glu Leu Cys Leu Lys Trp Glu Leu Val Asp 
180 185 190 

Leu Leu Ala Asp Arg Tyr Trp Glu Glu Leu Leu Asp Tr-r phe Ara Pro 
195 200 205 ■ 

Asp He Val Val Lys Asp Trp ?he Ala Ala Arg Ala Asp Cvs 31v Cvs 
210 215 220 

Thr Tyr Gin Leu Lys Val Gin Leu Ala Ser Ala Asp Tyr Phe Val Leu 

230 235 240 

Ala Ser Phe Glu Pro Pro Pro Val Thr lie Gin Gin Trc Asn Asn A" a 

245 250 ' ' 255 

Thr Trp Thr Glu Val Ser Tyr Thr Phe Ser Aap Tyr Pro Arq Glv Val 
260 265 270 

Arg Tyr lie Leu Phe Gin His Gly Gly Arg Asp Thr Gin Tyr Trp Ala 
275 280 285 

Gly Trp Tyr Gly Pro Arg Val Thr Asn Ser Ser lie Val Val Ser Pro 
290 295 300 

Lys Met Thr Arg Asn Gin Ala ser Ser Glu Aia Gin Pro Gly Gin Lys 
^05 310 315 32(j 

His Gly Gin Glu Glu Ala Ala Gin Ser Pro Tyr Gly Ala Val Val Gin 
325 330 

He Phe 



PCT/US99/19S60 



<210> 13 

<211> 1763 

<212> DMA 

<213> Homo sapiens 

<400> 13 

tggaattccc atggaccatg tctaatacoo 
cccLcactgg agatgaagag accttggctc 
gtttgattct tcacgatgac attccaccgc 
attcttcact ccagaaoaat gagcaaccct 
tacaggatga acaaccaagt gattcatccc 
atgacgacag tatgttaggg cctagtcaaa 
cgcatatggc agagggcaca ggtttctatc 



gatttacaat tacattgaac tacaaggatc SO 
catatgggat tgtttctggg gacttgatat 12 0 
ctaatatacc ttcatccaca gattcagagc 180 
ctttggccao cagctccaat cagactagca 240 
aaggaoaggc agcccagtct ggtgtttgga 300 
attttgaagc tgagtcaatt caagataatg 360 
cctcagaacc cctgctctgt agtgaatcgg 420 
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3 Gly Thr Lys Lyo £ 



gcgcgttcgg gagcttcggc cctgcgtagg aggcgggtgc aggtgtgggt gctgagccgc 60 
ccgccgcctg gagggggaga cagctccagg acacgcaggc cgcagcgagg gcccgggccc 12 0 
gggggatccc aggccatgga cgctccccac tccaaagcag ccctggacag cattaacgag ISO 
ctgcccgata acatcctgct ggagctgttc acgcacgtgc ccgcccgcca gctgctgctg 240 
aactgccgcc tggtctgcag cctctggegg gacctcatcg acctcetgac cctctggaaa 3 00 
cgcaagtgcc tgcgaaaggg cttcatcacc aaggactggg accagcccgt ggccgactgg 360 
aaaatcttct acttcctacg gagcctgcat aggaacctcc tgcgcaaoco gtgtgctgaa 420 
aaccatatgt ttgcatggca aattgatc-c aatggtgggg accgctggaa ggtggatagc 480 
ctccctggag cccacgggac agaatttcct gaccccaaag tcaagaagtc tttcgccaca 540 

gagctactag acacattccg gccggacacc grggttaagg accggtttgc tgocagagcc 660 
gactgtggct gcaoctacca actcaaagcg cagctggccL cggctgacta cctcgtgttg 72 0 
gcctccttcg agcccccacc tgtgaccarc caacagtgga acaatgccac atggacagag 780 
gtctcctaca ccttctcaga ctacccccgg ggtgtocgcc acatcccctt ccagcatggg 84 0 
ggcagggaca cccagtactg ggcaggctgg tatgggcccc gagtcaccaa cagcagcatt 900 
gtcgtcagcc ccaagatgac caggaaccag goctcgtccg aggctcagcc tgggcagaag 960 
catggacagg aggaggctgc ocaatogccc tacggagctg ttgtccagat tttctgacag 1020 
ccgcccaccc cgtgtctggg tcagccagag gctccLccag gcaggagccg agcatggggt 1080 
gggcagtgag gtccctgtac cagcgactcc tgccccggtt caaccczacc agcttgtggt 1140 
aacttaotgt cacatagctc tgacgtttrg tcgtaataaa tgttttcagg ccgggcactg 1200 
tggctcacgc: ctgtaatccc agcacttcgg gagaccgagg caggtggacc acgaggccag 1260 
gagacagaga ccatcctggc caacacggtg aaaccctgtc tc-antaaaa atacaaaaaa 1320 
ttagccgggc gtggtggcgg gcgcctgtag tcccagctac tcgggaggct gatgcagaag 13 30 
aatggcgcga acccggaagg cagagcctgo agtgagccga gatcacgcca ctgcactcca 1440 
gcctgggtga cagagcgaga ctctggctca taaaataata ataataataa ataaataaaa 1500 
aataaatggt cttcagcaaa aaaaaaaaaa aaaaa 1S35 



<212> PRT 
<40O> 12 

Ala Arg Ser Gly Ala Ser Ala Leu Arg Arg Arg Arg Val Gin Val Trp 
S 10 15 

Val Leu Ser Arg Pro Pro Pro Gly Gly Gly Asp Ser Phe Arg Thr Arg 
20 25 30 

Arg Pro Gin Arg Gly Pro Gly Pro Gly Gly Ser Gin Ala Mez Asp Ala 

Pro His Ser Lys Ala Ala Leu Aep Ser lie Asn Glu Leu Pro Asd Asn 
50 55 60 

lie Leu Lau Glu Leu Phe Thr His Val Pro Ala Arg Gin Leu Leu Leu 
65 70 75 80 

Asn Cys Arg Leu Val Cys Ser Leu Trp Arg Asp Leu lie Asp Leu Leu 
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01y Ser Pro He Val Ser Pro Arg lie Val Ola Leu Qlu Thr Glu Ser 
100 105 110 

Lys Arg Leu His Asn Lys Qlu Asn Gin His Val Olti Qln Thr Leu Asa 
115 120 123 

Ser Thr Asn Glu He Glu Ala Leu Glu Thr Ser Arg Leu Tyr Olu Asp 
130 135 140 

Ser Gly Tyr Ser Ser Phe Ser Leu Gin Ser Gly Leu Ser Glu His Glu 
145 ISO 155 ISO 

Glu Gly Ser Leu Leu Glu Glu Asn Phe Gly Asp Ser Leu Gin Ser Cys 
165 170 175 

Leu Leu Gin He Gin Ser Pro Asp Gin Tyr Pro Asn Lys Asn Leu Leu 
ISO 185 190 

Pre Val Leu Hie Phe Glu Lys Vai Val Cya Ser Thr Leu Lys Lys Asn 
19E 200 205 

Ala Lys Arg Asr. Pro Lys Val Asp Arg Glu Met Leu Lys Glu He He 
210 215 220 

Ala Arg Gly Aar. phe Arg Leu Gin Asn He He Gly Arg Lys Met Gly 
225 230 235 240 

Leu Glu Cys Val Asp He Leu ser Glu Leu Phe Arg Arg Gly Leu Arg 
245 250 255 

His Val Leu Ala Thr He Leu Ala Gin Leu Ser Asp Met Asp Leu He 

ZfiO 2fi5 270 

Asn Val ser Lys Val Ser Thr Thr Trp Lys Lys He Leu Glu Asp Asp 
275 280 295 

Lys Gly Ala Phe Gin Leu T-/r Ser Lvs Ala He Gin Arg Val Tnr Glu 
290 295 300 

Asn Asn Asn Lys Phe Ser Pro His Ala Ser Thr Arg Glu Tyr Val Met 
305 310 315 320 

Phe Arg Thr Pro Leu Ala Ser Val Gin Lys Ser Ala Ala Gin Thr Ser 
325 330 335 

Leu Lys Lys Asp Ala Gin Thr Lys Leu Ser Asn Gin Gly Asp Gin Lys 
34C 345 350 

Gly Ser Thr Tyr Ser Arg His Asn Glu Phe Ser Glu Val Ala Lys Thr 
355 360 365 

Leu Lys Lys Asn Glu Ser Leu Lys Ala Cys He Arg Cya Asn Ser Pro 
370 375 380 

Ala Lys Tyr Asp Cys Tyr Leu Gin Arg Ala Thr Cys Lya Arg Glu Glv 
385 390 395 4O0 

Cys Gly Phe Asp Tyr Cys Thr Lys Cya Leu Cys Asn Tyr His Thr Thr 
405 410 415 

Lys Rap Cya Ser Asp Gly Lys Leu Leu Lys Ala Ser Cys Lys He Gly 
420 42S 430 

n 



PCT/l!S99/19560 



aggttgctca gctgcccccg gagcggttcc tccacctgag gcagacacca cctcggttgg 60 
catgagccgg cgcccctgca gctgogccct acggccaocc cgctgctcct gcagcgccag 120 
ccccagcgca gtgacagecg ccgggcgaoc tcgaccctcg gatagttgta aagaagaaag 180 
tcctaccctt tctgtcaaaa tgaagtgtga ctttaattgt aaocatgtto attccggact 240 
taaactggta aaacctgatg acactggaag actagtttcc tacacecctg catatctgga 3 00 
aggttcctgt aaagactgca ttaaagacta tgaaaggctg tcatgtattg ggtcaccgac 360 
tgcgagccct aggatcgtac aacttgaaac cgaaagcaag cgcttgcata acaaggaaaa 420 
tcaacatgtg caacagacac ttaatagtac aaatgaaata gaagcactag agaccagtag 480 
actttatgaa gacagtggct attcctcatt rtctctacaa agtggcctca gtgaacatga 540 
agaaggtagc ctcctggagg agaatt-cgg cgacagtcca caatcctgcc tgctacaaac 600 
acaaagccca gaccaatatc ccaacaaaaa cttgctgcca gttcttcatt ttgaaaaagt 660 
ggtttgttca acattaaaaa agaatgcaaa acgaaatcct aaagtagatc gggagatgct 720 
gaaggaaatt atacccagag gaaattctag actgcagaat ataattggca gaaaaatggg 780 
cctagaatgt gtagatattc tcagcgaact ctttcgaagg ggactcagac atgtcttago 840 
aactatttta gcacaactca gtgacatgga cttaatcaat gtgtctaaag tgagcacaac 900 
ttggaagaag atcctagaag atgataaggg ggcattccag ttgtacagta aagcaataca 960 
aagagttacc gaaaacasca ataaattttc acctcatgct tcaaccagag aacatgttat 1020 
gttcagaacc ccactggcLt ctgttcagaa atcagcagcc cagacrtctc tcaaaaaaga 1080 
tgctcaaacc aagttatcca atcaaggtga tcagaaaggt tctacttata gtcgacacaa 1140 
tgaattctct gaggttgcca agacattgaa aaagaacgaa agccCcaaag cctgtattcg 1200 
ctgtaattca cctgc-aaaat atgattgcta tttacaacgg gcaacctgca aacgagaagg 1260 
ctqtggattt gattattgta cgaagtgtct: ctgtaattat catactacta aagactgttc 1320 
agatggcaag ctcctcaaag ccagttgtaa aataggtccc ctgcotggta caaagaaaag 13S0 
caaaaagaat ttacgaagat tgtgatcCct tattaaatca attgctactg atcatgaatg 1440 
ttagttagaa aatgttaggt tttaacttaa aaaaaattgt attgtgattt tcaattttat 1500 
gttgaaatcg gtgtagtatc ctgaggtttt tttcccccca gaagataaag aggatagaca 1560 
acctcttaaa atatttttac aatttaatga gaaaaagttt aaaattctca atacaaatca 1620 
aacaatttaa acattttaag aaaaaaggaa aagtagatag tgatactgag ggtaaaaaaa 1680 
aaatcgattc aattttatgg taaaggaaac ccatgcaatt ttacctagac agtcttaaat 1740 
atgtctggct ttccatctgt tagcatctca gacattttat gttcctctta ctcaattgat ISOO 
accaacagaa atatcaactt ctggagtcta ttaaatgtgt tgtcaccttt ctaaagcttt 1660 
ttttcattgt gtgtacttco caagaaagta tcctttgtaa aaacttgctt gttttcctta 1920 
tttctgaaat ctgicttaac atctttgtat acacgtaaac atttctctat tttttatatg 1980 
tcaaagaata tgtctcttgt atgtacatat aaaaataaat tttgctcaat aaaattgtaa 2 04 0 
gcttaaaaaa aaaaaaaaaa aactcgagac tagtgo 2076 

<:210> 10 

<212> PRT 

<213> Homo sapiens 
<400> 10 

Met Ser Arg Arg Pro Cys Ser Cys Ala Leu Arg Pro Pro Arg Cys Ser 
15 10 15 

Cys Ser Ala Ser Pro Ser Ala Val Thr Ala Ala Gly Arg Pro Arg Pro 

Ser Asp Ser Cys Lys Olu Glu Ser Ser Thr Leu Ser Val Lvs Met hye 
35 40 45 

Cys Asp Phe Asn Cys Asn His Val His Ser Gly Leu Lye Leu Val Lvs 
50 55 60 

Pro Asp Asp lie Gly Arg Leu Val Ser Tyr Thr Pro Ala Tyr Leu Glu 
65 70 75 80 

Oly Ser Cys Lys Asp Cys lie Lys Asp Tyr Glu Arg Leu Ser Cys He 
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Pro Arg Phe Ala Leu Phe Gly Pro Arg Leu Glu Gin Leu Asn Thr Ser 
180 IBS 190 

Leu Val Leu Ser Leu Leu Ser Ser Glu Glu Leu Cya Pro Thr Ala Gly 
19S 200 205 

I-eu Pro Gin Arg Gin lie Asp Gly lie Gly Ser Gly Val Asn Phe Gin 

Leu Asn Aen Gin His Lys Phe Asn He Leu He Leu Tyr Ser Thr Thr 
225 230 235 240 

Arg Lys Glu Arg Asp Arg Ala Arg Glu Glu His Thr Ser Ala Val Asn 
245 250 255 

Lys Mot Pho Scr Arg His Asn Glu Gly Aap Aap Arg Pro Gly Ser Arg 

2S0 265. 270 

Tyr Ser Val He Pro Gin He Gin Lys Leu Cys Glu Val Val Asp Gly 
2VS 280 285 

Phe He Tyr Val Ala Asr. Ala Glu Ala His Lys Arg His Glu Trp Gin 
290 295 300 

Asp Glu Phe Ser His He Met Ala Met Thr Asp Pro Ala Phe Glv Ser 
305 310 315 * 

Ser Gly Arg Pro Leu Leu Val Leu Ssr Cys He Ser Gin Glv Asp Val 
325 330 335 

Lys Arg Met Pro Cys Phe Tyr Leu Ala His Glu Leu His Leu Aen Leu 
340 345 350 

Leu Asn His Pro Trp Leu Val Gin Asp Thr Glu Ala Glu Thr Leu Thr 
355 360 365 

Gly Phe Leu Asn Gly He Glu Trp He Leu Glu Glu Va" ^er Lvs 

370 375 390 

Arg Ala Arg Phe Ser Phe Gin He Leu Gly Thr Glu Thr He Asn Leu 
390 395 400 

Leu Leu Arg ser Cys Glu Tyr Leu Leu Ser Gin Pro Thr Leu Ser Cys 
405 410 415 

Leu Phe Ala Asp Arg Leu ser Phe Gly Gin Leu Leu Leu Cys Phe Leu 
420 425 430 

Tyr Tyr Phe Tyr Phe Leu Pro He Asn Tyr Lys Lys Arg Val Ser Val 
435 440 

Leu Val Phe Ser Pro Lys Met Asn Leu Thr Phe Phe Trp Phe Leu Tvr 
450 455 460 

Phe Leu Ser Phe Lys Tyr He Leu 



<210> 9 
<211> 2076 
<212> DNA 
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cagttgggaa gtacaaatca ttattggaat oaaactgtaa gaaatccaat tctgtggaga 300 
tactttttgt tgagggatct tccctcttgg tcttctgttg actggaagtc tcttccatac 360 
ctacaaatct taaaaaagcc tacatctgag gcctctgatg gtgcattttt tgactacatg 420 
gcagtctattc taatgtgctg tccatacaca agaagsgctt caaaatccag ccgtcctatg 480 
tatggagctg tcacttcttt tttacactcc ctgatcattc coaacgiacc tcgatttgcc 540 
ctgtttggac cacgtttgga acaattgaat acctcttrgg rgttgagctt gctgtcttca 600 
gaggaacttt gcccaacagc tggcttgcct csgaggcaga tcgacggtat tggatcagga 660 

agaaaggaaa gagatagagc aagggaagag catacaagtg cagttaacaa gatgttcagt 780 
cgacacaatg aaggtgatga tcgaccagga agccggtaca gtgtgattcc acagattcaa 840 
aaactgtgtg aagtcgtaga tgggttcatc catgttgcaa atgctgaagc tcataaaaga 900 
catgaatggc aagatgaatt ttctcatatt atggoaatga cagatccagc ctttgggtct 960 
tcgggaagac cattgttggt tttatcttgt atttctcaag gggatgtaaa aagaatgccc 1020 
tgtctttatt tggctcatga cctgcacctg aaccttctaa atcacccatg gctggtccag 1080 
gatacagagg ctgaaactct gactggtttt ttgaatggca ttgagtggat tcntgaagaa 1140 
gtggaatcta agcgtgcaag atgattctct tttcagatct tgggaactga aaccatttga 12O0 
aatctatcao caaggccgeg acgtgaatac ttgctcagtc agcccacctt gtcctgcctt 1260 
tttgcagata ggctttcatt tggacagcta taactgctgt gttttttata ttatttctac 1320 
tttctaccat aaatcaatta caagaaaaca gtttcagtcc tagtatttag ccccaaaatg 1380 

"'---i catttcttcg gtaattttta tattttctgt ctttttaaaa atattaaatt 1440 

1444 



<:213> Homo sapiens 
<400> 8 

Met Ala Gly Ser Glu Pro Arg Ser Giy Thr Abh Ser Pro Pro Pro Pro 
IS 10 IS 

Phe Ser Asp Trp Gly Arg Leu Glu Ala Ala He Leu Ser Gly Trp Lys 
20 25 30 

Thr Phe Trp Gin Ser Val Ser Lys Asp Arg Val Ala Arg Thr Thr Ser 
3S 40 45 

Arg Glu Glu Val Asp Glu Ala Ala Ser Thr Leu Thr Arg Leu Pro He 
50 S5 60 

Asp Val Gin Leu Tyr He Leu Ser Phe Leu Ser Pro His Asp Leu Cya 
65 70 75 BO 

Gin Leu Gly Ser Thr Asn His Tyr Trp Asn Glu Thr Val Arg Asn Pro 
65 90 95 

He Leu Trp Arg Tyr Phe Leu Leu Arg Aap Leu Pro Ser Trp Ser Ser 
100 105 110 

Val Asp Trp Lys Ser Leu Pro Tyr Leu Oln He Leu Lys Lye Pro He 
115 120 125 

Ser Glu Val Ser Asp Gly Ala Phe Phe Aap Tyr Met Ala Val Tyr Leu 
130 135 140 

Met Cys Cys Pro Tyr Thr Arg Arg Ala Ser Lys Ser Ser Arg Pro Met 
145 ISO 155 160 

Tyr Gly Ala Val Thr Ser Phe Leu His Ser Leu lie He Pro Asn Glu 
1S5 170 175 
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Leu Uys lie Asp Asp Thr Pro Val Aap Asp Pro Ser Leu hys Val Leu 

Val Ala Asn Asn Ser Asp Thr Lsu Lys Leu Leu Lys Met Ser Ser Cya 

195 200 205 

210 '^"^ ^''^ "^'^ ^^"^ ^''^ ''^^^ ^'^^ 

Gly Leu Arg Glu Leu Ala Leu Asn Tyr His Leu Leu Ser Asp Glu Leu 
225 230 235 240 

Leu Leu Ala Leu Ser Ser Glu Lys His Val Arg Leu Glu His Leu Arg 



Asp \ 



.250 



Gly Gin Thi 



255 



Gin Lys Scr Ser Trp Asp Ala Phe lie Arg His Ser Pro Lys Val Asn 
27i. 280 285 

Leu Val Met Tyr Phe Phe Leu T>-r Glu Glu Glu Phe Asp Pro Phe Phe 
290 295 300 

Arg Tyr Glu He Pro Ala Thr His Leu Tyr Phe Gly Arg Ser Val Ser 
305 310 315 320 

Lys Aap Val Leu Gly Arg Val Gly Met Thr Cys Pro Arg Leu Val Glu 
325 330 335 

Leu Val Val Cys Ala Asn Gly Leu Arg Pro Leu Asp Glu Glu Leu He 
340 345 350 

Arg He Ala Glu Arg Cys Lys Asn Leu Ser Ala lie Gly Leu Gly Glu 
355 360 365 

Cys Glu Val Ser Cys Ser Ala Phe Val Glu Phe Val Lys Met Cys Gly 
370 375 380 

Gly Arg Leu Ser Gin Leu Ser He Met Glu Glu val Leu lie Pro Asp 
385 390 395 400 

Gin Lys Tyr Ser Leu Glu Gin He His Trp Glu Val Ser Lys His Leu 
405 410 415 

Gly Arg Val Trp Phe Pro Asp Met Met Pro Thr Trp 



<210> 7 

<211> 1444 

<212> DMA 

«:213> Homo sapiens 



atggcgggaa gcgagecgcg cagcggaaca 
ggccgcctgg aggcggccat cctcagcggc 
gatagggtgg cgcgtacgac ctcccgggag 
cggctgccga ctgatgtaca gctatatatt 



aattcgccgc cgccgcoctt cagcgactgg 60 
tggaagacct tctggcagtc agtgagcaag 120 
gaggtggatg aggcggccag caccctgacg 180 
ttgtcctttc tttcacctca tgatctgtgt 240 
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cggggtggtg tgtgggggaa gccgcccccg gcagcaggat gaaacgagga ggaagagata 60 
gtgaccgtaa ttcatcagaa gaaggaactg cagagaaatc caagaaactg aggactacaa 120 
atgagcattc tcagactcgt gattggggta acctccttca ggacattatt ctccaagtat 180 
ttaaatattt gcctcttctt gaccgggctc atgctccaca agcttg:ogc aaccggaacc 240 
aggtatttca catgcctgac Ctgtggagat gttttgaatt tgaactgaat cagccagcta 300 
catcttattt gaaagctacc catccagage tgatcaaaca gattattaaa agacattcaa 3 60 
accatctaca aratgtcagc rtcaaggcgg acagcagcaa ggaatcagct gaagcagctt 420 
gtgatatact atcgcaactc gtgaattgct ctttaaaaac acctggactt atttcaactg 480 
ctcgaccaag cttcatggat ::taccaaagt cccactttat ctctgcactg acagttgtgt 540 
tcgtaaactc caaatccctg t;cttcgctta agatagatga tactccagta gatgatccat 600 
ctctcaaagt actagtggcc aacaatagtg atacactcaa gctgttgaaa atgagcagct 660 
gtcctcatgt ctctccagca ggtatccttt gcgtggctga tcagtgtcac ggcttaagag 720 
aactagccct gaactaccac ttattgagtg atgagctgtt acttgcattg tcttctgaaa 780 

acttccatac tattcagaag agtagctggg acgctttcat cagacactca cccaaagcga 900 
acttagtgat gtattttttt ttatatgaag aagaacttga ccccttcttt cgctatgaaa 960 
tacctgocac ccatctgtac tttgggagat cagtaagoaa agatgtgctt ggccgtgtgg 1020 
gaatgacatg ccctagactg gttgaactag tagtgcgtgc aaatggatta cggccacttg 1080 
atgaagagtt aattcgcatt gcagaacgtt gcaaaaattt gtcagctatt ggactagggg 1140 
aatgtgaagt ctcatgtagt gcctttgttg agtttgtgaa gatgtgtggt ggccgcctat 1200 
ctcaattatc cattatggaa gaagtactaa ttcctgacca aaagtatagt ttggagcaga 1260 
ttcactggga agtgtccaag catcttggta gggtgtggtt tcccgacatg atgcccactt 1320 
ggtaaaaact gcatgatgaa cagcacctta atttcaagca aatgcactat aattaaagtt 1380 
ctattcgctg taaaaaaaaa aaaaaaa 1407 

<211> 428 

<213> Homo BapienB 



10 15 

Thr Ala Glu Lys Ser Lys Lys Leu Arg Thr Thr Asn Glu Hia Ser Gin 
20 25 30 

Thr Cys Asp Trp Gly Asn Leu Leu Gin Asp He He Leu Gin Val Phe 
35 40 45 

Lys Tyr Leu Pro Leu Leu Asp Arg Ala His Ala Ser Gin Val Cys Arg 
50 55 60 

Asn Trp Asn Gin Val Phe His Met Pro Asp Leu Trp Arg Cyg Phe Glu 
65 70 75 80 

Phe Glu Leu Asn Gin Pro Ala Thr Ser Tyr Leu Lys Ala Thr His Pro 
85 90 95 

Glu Leu He Lys Gin He He Lys Arg His Ser Asn His Leu Gin Tyr 
100 105 110 

Val Ser Phe Lys Val Asp Ser Ser Lys Glu Ser Ala Glu Ala Ala Cys 
ns 120 125 

Asp He Leu Ser Gin Leu Val Asn Cys Ser Leu Lys Thr Leu Gly Leu 
130 135 140 

He Ser Thr Ala Arg Pro Ser Phe Ket Asp Leu Pro Lys Ser His Phe 
145 150 155 160 
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Arg Met Lys Gin Leu Glu Asp Hie Glu Ala Phe Glu Thr Ser Ser I«u 
130 135 -^^Q 

lie Gly Hie Ser Ala Arg Val Tyr Ala Leu Tyr Tyr Lys Asp Qly Leu 
150 155 160 

Leu Cys Thr Gly Ser Asp Asp Leu Ser Ala Lys Leu Trp Asp Val Ser 

165 170 

Thr Gly Gin Cys Val Tyr Gly He Gin Thr His Tar Cys Ala Ala Val 
180 185 

Lys Phe A=p Glu Gin Lys Leu Val Thr Gly Ser Phe Asp Asn Thr Val 
195 200 20S 

210 21S '^^^ '^^^ ^^'^ ^'"'^ 

His Thr G-y Ala Val Phe Ser Val Asp Tyr Asn Asp Glu Leu Asp lie 
23C 235 240 

Leu Val Ser Qly Ser Ala Asp Phe Thr Val Lys Val Trp Ala Leu Ser 

2*S 250 255 

Ala Gly Thr Cys Leu Asn Thr Leu Thr Gly His Thr Qlu Trp Val Thr 
260 265 270 

Lys Val Val Leu Gin Lys Cyti Lyb' Val Lys Ser Leu Leu His Ser Pro 

Gly Asp Tyr He Leu Leu Ser Ala Asp Lys Tyr Glu He Lys He Trp 
295 300 

Pro lie Gly Arg Glu lie Asn Cys Lys Cys Leu Lys Thr Leu Ser Val 

Ser Glu Asp Arg Ser He Cys Leu Gin Pre Arg Leu His Phe Asp- Gly 

Lys Tyr He Val Cys Ser Ser Ala Leu Gly Leu Tyr Gin Trp Asp Phe 
340 345 

Ala Ser Tyr Asp He Leu Arg Val He Lys Thr Pro Glu He Ala Asn 
355 360 

370 '^"'■^ ^'^^ ^'^^ 

Arg Tyr Leu Tyr He Met Asp Leu Arg Thr Glu Ser Leu I'e Ser Arc 
390 395 * 4o5 

Trp Pro Leu Pro Glu Tyr Arg Glu Ser Lys Arg Gly Ser Ser Phe Leu 
405 410 

Ala Gly Glu His Pro Gly 
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<210> 5 
<211> 1407 
<212> DMA 

<213> Homo sapiens 
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<400> 3 

atggagagaa aggactttga gacatggctt gacaacattt ctgttacatt tcttcctctg 60 
acggacctcc agaaaaatga aactctggat cacctgatta gtctgagtgg ggcagtccag 120 
crcaggcatc tctccaataa cctagagact ctcctcaagc gggacttcct caaactcctt 180 
cccctggagc tcagttttta tttgttaaaa tggctcgatc ctcagacttt actcacatgc 240 
tgcctcgtct ctaaacagcg gaataaggtg acaagtgcct gtacagaggt gcggcagact 300 
gcatgtaaaa atttgggctg gcagatagat gactctgttc aggacgcttt gcactggaag 360 
aaggtttatt tgaaggctat tctgagaatg aagcaactgg aggaccatga agcctttgaa 420 
acctcgtcat taattggaca cagtgccaga gtgtatgcac tttactacaa agatggactt 480 
ctctgtacag ggtcagatga cttgtctgca aagctgtggg atgtgagcac agggcactgc 54 0 
gtttatggca tccagaccca cacttgtgca gcggtgaagt ttgatgaaca gaagcttgtg SOO 
acaggctcct ttgacaacac tgtggctcgc: tgggaatgga gttccggagc caggacccag 660 
cactttcggg ggcacacggg ggcggcattt agcgtggact acaatgaCga actggatato 720 
ttggtgagcg gctctgcaga cttcactgtg aaagtatggg cctcatctgc tgggacatgc 780 
ctgaacacac ccaccgggca cacggaargg gtcaccaagg tagcttcgca gaagtgcaaa 840 
ctcaagcctc tcttgcacag tcctggagac tacatcctct taagtgcaga caaatatgag 900 
atcaagattt ggccaattgg gagagaaatc aactgcaact gcttaaagac attgtctgtc 960 
tctgaggata gaagtatctg cctgcagcca aaacttcatc ttgatcgcaa atacattgtc 1020 
tgtagtrcag cacttggtct ctaccagtgg f -ct> itLalc >• . '.^...aiLgtc 1080 
atcaagactc ctgagatagc aaacttggcc tt w^- -t^^^^^z^ cLttg cctg 1140 

ctgtttgaca accgctacct gtacaCcatg cacttgcgca cagagagcct gattagccgc 1200 
tggoctccgc cagagtacag ggaatcaaag agaggctcaa gcttcctggc aggcgaacat 1260 
cctggctgaa tggactggat gggcacaatg acacgggctt ggcctttgcc accagcatgc 1320 
ctgaccacag cattcacctg gtgttgtgga aggagcacgg ctgacaccat gagccacoac 1380 
cgctgacrga ctttgggtgc cggggctgcg ggttttgggt gcacctctgo ggcacgcgac 1440 
tgcatgaacc aaagttctca cctaatggta tcatca 1476 



Mec Glu Arg Lys Aep Phe Glu Thr Trp Leu Asp Asn He Ser Val Thr 

15 10 15 

Phe Leu Scr Leu Thr Asp Leu Gin Lys Agn Glu Thr Leu Asp His Leu 

He Ser Leu Scr Gly Ala Val Gin Leu Arg His Leu Ser Asn Asn Leu 

33 40 45 

Glu Thr lieu Leu Lys Arg Asp Phe Leu Lys Leu Leu Pro Leu Glu Leu 

50 55 60 

Ser Phe Tyr Leu Leu Lys Trp Leu Asp Pro Gin Thr Leu Leu Thr Cys 

65 70 75 80 

Cys Leu Val Ser Lys Gin Trp Asr, Lys Val He Ser Ala Cys Thr Glu 

85 90 95 

Val Trp Gin Thr Ala Cys Lys Asn Leu Gly Trp Gin He Asp Asp Ser 

100 105 110 

Val Gin Asp Ala Leu His Trp Lys Lys Val Tyr Leu Lys Ala He Leu 

115 120 125 
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Leu Sin Arg lie His Cys Arg Ser Glu Thr Ser hya Gly Val Tyr Cys 

Leu Gin Tyr Asp Aep Gin Lys He Val Ser Gly Leu Rrg Asp Asn Thr 
280 283 

lie Lys rle Trp Asp Lys Asn Thr Leu Glu Cys Lys Arg He Leu Thr 
290 295 300 

Cly His Thr Gly Ser Val Leu Cys Leu 3ln Tyr Asp Glu Arg Val He 

310 

lie Thr Gly Ser Ser Asp Ser Thr Val Arg Val Trp Asp Val Asn Thr 
325 330 

Gly Glu Met Leu Asn Thr Leu lie His His Cys Glu Ala Val Leu His 
345 350 

Leu Arg Phe Asn Asn Gly Met Met Val Thr Cys Ser Lys Asp Arg Ser 
355 360 365 

He Ala Val Trp Asp Met Ala Ser Pro Thr Asp He Thr Leu Arg Arg 
375 380 

val Leu Val Gly His Arg Ala Ala Val Asn Val Val Asp Phe Asp Asp 

Lys Tyr He Val Ser Ala 3e. Gly Asc Arg Thr He Lys Val Trp Asn 

405 4::o 

Thr Ser Thr Cys Glu Phe Val Arg Thr Leu Asn Gly His Lys Arg Gly 
*20 425 

He Ala Cys Leu Gin Tyr Arg Asp Arg Leu Val Val Ser Gly Ser Ser 
435 440 

ASP Asn Thr He Arg Leu Trp Asp He Glu Cys Gly Ala Cys Leu Arg 
val Leu Glu Gly His Glu Glu Leu Val Arg Cys He Arg Phe Asp Asn 
Lys Arg He Val Ser Gly Ala Tyr Asp Gly Lys He Lys Val Trp Asp 
Leu Val Ala Ala Leu Asp Pro Arg Ala Pro Ala Gly Thr Leu Cys Leu 
Arg Thr Leu Val Glu His Ser Gly Arg Val Phe Arg Leu Gin Phe Asp 
Glu Phe Gin He Val Ser Ser Ser His Asp Asp Thr He Leu He Trp 
Asp Phe Leu Asn Asp Pro Ala Ala Sin Ala Glu Pro Pro Arg Ser Pro 
Ser Arg Thr Tyr Thr Tyr He Ser Arg 
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cgttcccctt ctcgaacata cacctacatc tccagataaa taaccataca ctgacctcat 1800 
acttgcccag gacccattaa agttgcggta tttaacgtac ctgccaatac caggatgagc I860 
aacaacagta acaatcaaac tactgcccag tttccctgga ctagccgagg agcagggctt 1920 
tgagactcct gttgggacac agttggtctg cagtcggccc aggacggtct actcagcaca 1980 
accgactgct tcagtgctgc tatcagaaga tgtcttctat caattg'.gaa tgattggaac 2040 
ttttaaacct cccctoctct cctcctttca cctctgcacc tagttttttc ccattggttc 2100 
cagacaaagg Cgacttataa atatatttag tgtttcgcca gaaaaaaaaa a 2151 

<210> 2 



Asn Ser Ser Glu Arg Glu Asp Cys Asn Asn Gly Glu Pro Pro Arg Lya 
20 25 30 

lie lie Pro Glu Lys Asn Ser Leu Arg Gin Thr Tyr Asn Ser Cys Ala 
35 40 45 

Arg Leu Cys Leu Asn Gin Glu Thr Val Cys Leu Ala Ser Thr Ala Met 
50 55 60 

Lys Thr Glu Asn Cys Val Ala Lys Thr Lys Leu Ala Asn Gly Thr Ser 
65 70 75 80 

Ser Met lie Val Pro Lys Gin Arg Lys Leu Ser Ala Ser Tyr Glu Lys 
85 90 95 

Glu Lys Glu Leu Cys Val Lys Tyr Phe Glu Gin Trp Ser Glu Ser Asp 
100 lOS 110 

Gin Val Glu Phe Val Glu His Leu lie Ser Gin Met Cys His Tyr Gin 
115 120 125 

His Gly His lie Asn Ser Tyr Leu Lyo Pro Met Leu Gin Arg Asp Phe 
130 135 140 

lie Thr Ala Leu Pro Ala Arg Gly Leu Asp His lie Ala Glu Asn lie 
145 150 155 160 

Leu Ser Tyr Leu Aap Ala Lys Ser Leu Cys Ala Ala Glu Leu Val Cys 
165 170 175 

Lys Glu Trp Tyr Arg Val Thr Ser Asp Gly Met Leu Trp Lys Lys IiCU 
180 185 190 

lie Qlu Arg Met Val Arg Thr Asp Ser Leu Trp Arg Gly Leu Ala Glu 
195 200 205 

Arg Arg Gly Trp Gly Gin Tyr Leu Phe Lys Asn Lys Pro Pro Asp Gly 
210 215 220 

Asn Ala Pro Pro Asn Ser Phe Tyr Arg Ala Leu Tyr Pro Lys lie He 
225 230 235 240 

Gin Asp lie Glu Thr lie Glu Ser Asn Trp Arg Cys Gly Arg His Ser 
245 250 255 
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<211> 2151 



tgcgttggct gcggcctggc accaaagggg cggccccggc ggagagcgga cccagtggcc 60 
tcggcgatta tggacccggc cgaggcggtg ctgcaagaga aggcactcaa gtttatgaat 120 
tcctcagaga gagaagactg taataatggc gaacccccca ggasgataac accagagaag 180 
aattcactta gacagacata caacacctgt gccagactct gcttaaacca agaaacagta 240 
tgtttagcaa gcactgctat gaagactgag aattgtgtgg ocaaaaoaaa acttgccaat 300 
ggcacttcca gtatgattgt gcccaagcaa cggaaactct cagcaagcta tgaaaaggaa 360 
aaggaactgt gtgtcaaata ctttgagcag tggtcagagt cagatcaagt ggaatttgtg 420 
gaacacctta tatcccaaat gtgtcattac caacatgggo acataaactc gtatcttaaa 480 
cctatgttgc agagagattt cataactgct ctgccagctc ggggattgga tcatatcgct 540 
gagaacattc tgtcatacct ggatgccaaa tcactatgtg ctgctgaactt tgtgtgcaag 600 
gaatggtacc gagtgaccto tgatggcatg otgtggaaga agcttatcga gagaatggtc 660 
aggacagatt ctctgtggag aggcctggca gaacgaagag gatggggaca gtatttattc 720 
aaaaacaaac ctcctgacgg gaatgctoct cccaactctt tttatagagc actttatcct 780 
aaaattatac aagacattga gacaatagaa tctaattgga gatgtggaag acatagttta 840 
cagagaattc accgccgaag tgaaacaagc aaaggagttt actgtttaoa gtatgatgat 900 
cagaaaatag taagcggcct tcgagacaac acaatcaaga tctgggataa aaacacattg 960 
gaatgcaagc gaattctcac aggccataca ggttcagtcc tctgtctcca gtatgatgag 1020 
agagtgatca taacaggacc accggactcc acggtcagag tgtgggatgt aaatacaggt 1080 
gaaatgctaa acacgttgat tcaccattgt gaagcagttc cgcacttgog tttoaaCaat 1140 
ggcatgatgg tgacctgctc caaagatcgt tccattgctg catgggatat ggcctcccca 1200 
actgacatta ccctccggag ggtgctggtc ggacaccgag ctgctgtcaa tgttgtagac 12 60 
tttgatgaca agtacactgt ttctgcatct ggggatagaa ctataaaggt atggaacaca 1320 
agtacttgtg aatttgcaag gacottaaat ggacacaaac gaggcattgc ctgtctgcag 1380 
tacagggaca ggctggtagt gagtggctca tctgacaaca ctatoagatt atgggacata 1440 
gaatgtggtg catgttcacg agtgttagaa ggccatgagg aattggtgcg ttgtattcga 1500 
tttgataaca agaggatagt cagtggggcc tatgatggaa aaattaaagt gtgggaCctt 1560 
gtggctgcct tggacccccg tgctcctgca gggacactct gtctacggac ccctgtggag 1620 
caetccggaa gagtttetcg aotacagctt gatgaattco agattgtcag tagttcacat 1680 
gatgacacaa tcotcatctg ggacttccta aatgatccag ctgcccaagc tgaacccccc 1740 
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